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limitations. In addition, subjects will be asked to identify the best

rule among our set of proposed strategies.

Subjects for this experiment will be male and female college students,

since our past research suggests that this age group should provide sub-

stantial numbers of a versus b, sum of. diagonals and conditional probability

judges. Sex of subject will be considered as a factor in the design in

light of i.Namon findings of sex differences in math skills among adolescents

and adults (e.g., Maccoby & Jacklin, 1974).

Method

Subjects

Subjects in the experiment were students in an introductory psychology

class who participated in the experiment as one option in fulfillment of a

course requirement: Subjects ranged in age from 18 to 32 years, with a'mean age

of 19.42. Sixty-two female and 54 male students participated.

Problems

Subjects judged a set of 12 covariation problems, structured so that each

of four judgment rules would produce a distinctive judgment pattern on a problem

set. Table is lists the actual problems used. The 12 problems include three

problems for each of the four strategy types. One noncontingent and two

contingent relationships are included for each strategy problem type.

Twelve different problem contents were developed, each of which

consisted of a sat of observations picturing one of two states for two

potentially related everyday events. Three problems pictured bakery products

which either rose or fell in association with the presence or absence of

yeast, baking powder, or a "special ingredient." In three other problems,

plants were pictured as healthy or sick as a possible function of the presence
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Rationale

A much neglected area of research in mathematical reasoning' is
that of children's understanding of statistical concepts. Statistical
problems, however, dp stand as prime areas for application of mathematical
training. In particular, statistics are necessary for%identtfying
predictability'in an environgtent where relationships are frequently
probabilistic ,(x is more likely when y is present) rather than deterministic
(x always occur when y is present). Problems suck as these acre common
in identifying regularities in scientific phenomena, and in everyday
contexts as well. In this respect, statistics provide a key link
between basic mathqpatical concepts and central aspects of scientific
and everyday problem solving.

As an area for application of mathematical training, research on
statistical reasoning may also be informpttve about children's ability
to apply their mathematical skills appropriately. Central to probabilistic
reasoning'is understanding of ratios and fractions. Since a probability
is a ratip between two frequencies, probability assessment requires
that a person be able to identify the relevant frequencies and calculate
the ratio betweenithem. Thus, research in statistical reasoning
should prove profitable- in understanding_ children's acquisition of
basic skills as well as their ability to use those skills in applied
settings.

Reasoning such as this underlies the call of several educators
for development of training programs to improve children's understanding
of statistical concepts (e.g., Harvey, 1975; Cambridge Conference on
the Correlation of Science and Math in the Schools, 1969). Research
iR this area is critical for developing and testing such curricula in
probability and statistics (e.g.. Shepler. 1969; Kurtz & Karplus,
1979; Ojeman, Maxey, & Snider, 1965 a & b) for children in the elementary
through high school years.

The focus of existing research in this area has been on children's
probability judgments. Early work by Piaget and Inhelder (1975)
indicated that full understanding of probability was realized by
adolescence. Subsequent work by other investigators indicates that
younger children evidence some preliminary concepts of probability
(e.g., Fischbein, 1975; Yost, Siegel, & Andrews, 1962; Goldberg,
1966), and that training is effective in improving their judgments
(Ojeman, Maxey, & Snider, 1965 a & b; Shepler, 1969; Dunlap, 1980).

A statistical judgment more common in causal reasoning builds on
probability.assessments of this sort. An individual investigating the
relationship between potential cause x and effect y would comparq the
likelihood of x occurring when y is present P(x/y) with the likelihood
that x occurs without y P(x/7). The two events are independent if
these conditional probabilities are equal; nonindependence is indicated
by'sny difference. The comparison is made.to identify contingency )r
covariation between events, Scientific procedure and statistical
analyses testify tothe key role of covariation analyses in professional
practice. Although not sufficient for causal inference, covariation
is a necessary condition between cause and event. Many psychologists
fother assert that everyday causal judgment is similarly based on a
covariation analysis (e.g., Michotte, 19(3; Inhelder & Piaget, 1958;
Kelley, 1967; Heider, 1958). That is, people search for likely
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explanations of everyday events by identifying event covargnes. Thus,
competence at covariation judgment may determine a person's adequacy at
identifying real world cause - effect relationships.

Unfortunately, research investigating people's competence at judging
covariations between events has resulted in a maze of contradictory

5 results. ,In the40asic paradigm; subjects are presented with data instances
illustrating onelpf two event states (e.g., presence or absence) for
each of two events. The subject's task is to identify the direction
and/or strength of the relationship between the events. Inhelder and
Piaget (1958) and Seggie and Endersby (1972) each found accuracy to be
the norm among adolescent and adult subjects identifying such relationships.
Others (04., Niemark, 1.975; Smedslund, 1963;%Jenkins & Ward, 1965; Adi,
Karplus, Lawson, & Pulos, 1970) have found full competence to be rare
among populations comparable in age arid expertise4

While Che evidence indicates that covariation judgments are often
erroneous, those judgments may be rule-governed nonetheless. Specifically,
subjects may evaluate relationships according to a variety'of rules;
each of which should produce a-characteristic performance pattern. Pouf,:

rules are proposed as possible judgment strategies. The rule s are discussed
in terms of possible relationships between two events (A and B), each of
which occurs in one of two states (1 and 2). Possible combinations of
those event states are illustrated in Table 1.

Least sophistical ed of the proposed strategies is judgment according
to the frequency wit-h which the target events cooecur (A1130 cell a in
Table 1), failing to consider joint event nonoccurrences (A2111, contingency
table cell d) in defining the relationship. A subject using this strategy '

would identify a positive relationship Iletween Al and B1 if cell a
frequency was the largest or the contingency table cells, a negative
relationship if it was the smallest (cell a strategy). This strategy is
Identified by Inhelder and Piaget (1958) as common z.mong younger adolescents.
Smedslund (1963) suggests that the strategy is typical among adults as
well. The strategy does consider some relevant information and may
result in better-than-chance pirformance. However, the rule is a limited
one, and would be especially Itisleading when there is a laigedifference
between frequencies In contingency table cells a and d.

A much improved approach would be the strategy defined by Inhelder
and Piaget (1958) as characterist4c of foritil operational thinking.
Specifically, covariation would be defined by comparing frequencies of
events confirming (cells a and d)and disconfirming (cells b and c) the
relationship. Thus, the rule would compare the sums of the diagonal
cells in the contingency tattlr(sum of diagonals strategy). Jenkins and
Ward (1965), however, suggest that this strategy has its limits as well4,.
Specifically, the rule is an effective index only when the two statesof
at least one of the variables occur equally often. Otherwise, a correlation
may be indicated when, in fact, independence is the case.

Instead, Jenkins and Ward (1965) suggest that covariation is more
appropriately evaluated by comparing the probability of event AI giVen
event B P(A

1
/8

1
) with the probability of Al given that B

2
has occurred

P(A
1
/13

2
Tnis is equivalent to a comparison of the frequency ratio in

14 a

Table 1 cells
a+c 10A

Bywith tnat in cells By definition, independence
Is indicated by equivalence between ttese conditional prObabilities;'
non-independence is Indicated by any difference (conditional probability

2
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strategy). This is the most sophisticated of our proposed strategies
and.should refult in accurate judgment of any contingency problem.

Thus, four alternative strategies were proposed to.account for
subjects' judgment patterns. According to the analysis a subject's
error rate should depend on the-particular correlation problem he or she
is judging. Problems could be identified which would be accurately
judged by all four .strategies. Alternatively, error rates may be high
on problems solved only by the more general strategies.

This analysis suggests alowerful tool for identifying strategies
actually used in covariation different rules produce
different judgments, covariation probl. s might' be identified which
uld differentiate between those rules. In fact, careful structuring

o a problem set would allow us eo'idertify the specific strategy a
subject is using. 0

.A set of such problems is illustrated in Table 2a. Problems are
structured hierarcnically such that cell a proble7fare correctly solved
by all strategies; a versus b problems are correctly solved by a versus
b, sum of diagonals and conditional probability strategies. Sum of
diagonal problems will be accurately judged by sum of diagonal and
dafiditional probability strategies. Conditioner probability problems -

would bs,correctly solved by the conditional probability strategy alone.
.Solution accpracy is indexed by the direction of the judged relationship

Al more likely given 81; B2, or no difference). A:subject's
solution pattern on the set of problems indicates the strategy used.
Problems on the first row of Table 2a illustrate judgments predicted by
each of the prowled rules All problems in the row inacate relationships
in which 'A

1
.is more likely given B1 than given 11,7. Howtver, an individual

using the cell a strategy would judge only the first prOlem as such a
relationship (cell a is the largest of the cells). A person using the a
versus b strategy would accurately judge the first two problems in the
row, but would say that Al given B1 is 'as likely as Al given 82 in the
third problem '(4-4), and that Al was less likely given 81 .then B2 in
the last problem (2-12). The sum of diagonals rule would result in the
correct judgment of the first three problems, but would say that At was
as likely to occur with B1 as with 82 on the last problem (24-10)-(t244)).
A subject using the conditional probability rule should accurately judge
all of the first row problems. An individual!s solution pattern on the
problem set would index the strategy he or she is using. Table 2b
identifies the solution pattern congruent with each strategy type. The

probability of matching these judgment patterns by chance alone is .11
for cell 10 .04 for a versus b, .01 for sum of diagonal and .005 for the
conditional probability patteth.

In two experiments, Shaklee and Tucker (1980) employed this diagnostic
approach to identigx,judgment rules of 10th grade and college subjects.
Subjects judged relationships in three pfoblems for each proposed Strategy
type. Each problem consisted of 24 instances in which event states were
defined for two events. Problems were set in contexts of everyday
events (e.g., cake rises or falls at high or low temperature; plants
healthy or not healthy which do or do not receive plant food). Subjects'
performance indicated general conformity to the strategy set. Congruence

with the cell a strategy pattern was frequent among the high school
subjects (17%) but rare in tl'e college sample (1%). Response patterns
matched that of the a versus b strategy for 19% of the college sample
(use of this strategy was not tested among the high school subjects).
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Judgment patterns were congruent with the conditional probability strategy
for 17% of the high school subjects and 29% of the college sample. In #

each experiment, the modal response pattern conformed to that of thesum
of diagonals rule (34% ofothe college subjects, 41% of the high school t.

subjects). Thus, overwhelmingly, subjects demonstrated at least some
sophistication about appropriate covariation judgment. However; the
optimal judgment rule was used by a minoritysof subjects in the two
samples. .

These initial investigations demonstrate the genera l success of
our rule diagnostic approach. Subject judgment patterns indicated .

strong intraindividual consistency in rule use. Furthermore, the variety
of rules evident in these results suggest that characterization of group Vg

judgment by any single rule would be inappropriate. As with all rule
modeling, congruence with a rule pattern requires cautious interpretation.
That is, a solution pattern conforming_to one of the predicted patterns
could be the product of an alternative srule which produces judgments
isomorphic with the proposed rule. However, congruence with a given
pattern does clearly identify the other proposed mddelp as poor characterizations'
of the judgment rule. At the same time,lobtained.judgment patterns
severely limit the'pool of viable alterna ive models.

\lkThi& rule index offers an informativ method for the study of deyelopment
in judgments of. event contingencies. ,Faxtcularly useful is the possibility
of identifying specific judgment rules whic might be precursors.of more
mature judgment competence. The steps in o r strategy hierarchy may
represent a developing sequence of increasin ly sophisticatedrule use.
In fact, two-of our proposed strategies, cell a and a versus b, are
'specifically identified by Inhelder dnd Piaget\(1958) as characteristic
of younger adolescents. The two investigators suggested that younger
subjects would fail to appreciate the relevence,of joint nonoccurrences
of the target events(contingency table cell d) 'in defining relationships-
between event states, our cell a strategy. It was also Suggested that
these 'subjects might compare this frequency of eFea cooccaerences with
the frequency with which one of the events occurs without the other one
(contingency table cell b), our a versus b straiegy. The um o - diagonals

strategy was believed to develop in later adoletce, az,t e formal
operational stage of development. Our rule diagno tic appr ach should
allow us to track such shifts in strategy use.

Shaklee and Mims (1981) tested college subjects and children in
4th, 7th, and 10th grade onthe diagnostic problem set. Again, results
indicated a close congruence between actual and predicted judgment
patterns. A significant developmIntal tfend demonstrated shifts toward
the use of increasingly accurate rules between the 4th to 10th grade age
span. College subjects' judgments' were not significantly different from

44
those of 10th grade s. judgment patterns matched the a versus b strategy
fbr sizable groups of subjects at all ages (21% of the college subjects,
23% of 10th graders, 25% of 7th graders,.29% of 4th graders). Sinn of

diagonals patterns were rare among 4th graders (17%), but common among
the older subject. (38% of college subjects, 50% of 10th graders, 50% of-
7th graders). Cpnditional probability judgient patterns were rare until
the 10th grade (0% of 4th graders, 4% of 7th graders, 277 of 10th graders.
and438% If college subjects). Few people at any age level evidenced cell .

a judgment patterns.



Reedits of this developmental study suggest that development of
covariation judgment may b'e best conceptualized as a series ot approximations
to optimal rule use. Early rules,may afford better-than-chance performance
although they are restricted in utility. With increasing age, subjects
shift to more generally accurate rules. However, even au ng mature
subjects, optimal rule use is evidenced by a minority of subjects.

A final question of concern is the stability of judgment patterns
across.judgmqnt conditions. Our research indicates that close coigruence
between subjeEts' judgments and those predicted by,our rules is mains, ined
across a variety of conditioris. In past work, we've vacied the form in
which the frequency information was presented, using individual datq
instances pictured,on 5 x 8 cards (Experiment 1, Shaklee & Tucker,
1980), and sets of data instances pictured in a 2 x 2 table, (second
experiment, Shaklee & Tucker, 1980; Shaklee & Mims, 1981). Most recently
with collage subjects we've presented the frequency information in .

numerical form. In all cases 85%-90% of subject records Conformed to
one of the proposed rules. Additionally, we've manipulated question'
form (Shaklee & Tucker, 1980, experiment 2) in testing rule use. Intone

experiment, some subjeCts were asked about the association betweeic the'
events (e.g.,does plant health' tend to be associated with getting plaint
rood l not getting plant food, or is there no relationship between the
'two? , while other subjects were asked about the likelihood of an outcome
give the two possible states of the other variable ;e.g., vere plants
who ot plant food more likely, less likely, or equally likely to get r

wel as plants who received no plant food). .Subjects' judgments indicated
that accuracy was higher in the latter response condition, but judgments
were squally likely to match the rule patterns in the two conditions.

Finally, we conducted a pair of experiments to test rule use of
college students making contineency judgments under memory load conditions
(Shaklee & Mims,.1982). Sine everyday covariation judgment must rely
on recall of past frequency information, we were interested in rule use -`
under more comparable conditions: Frequency information was presented
in slides, each of which shoved one combination'of event states on the
two variables. The instances in a given covariation problem were sipwn
sequentially to subjects. In one condition, subjects tabulated frequencies
as the slides are shown. In a memory condition, they estimated. the
frtquencies'after all or the instances had been shown. All subjects
were asked to judge the contingency between the events once the slide
sequence was shown. Subjects in the memory condition were significantly
poorer at frequency estimates and also used simpler, less accurate 'rules
than subjects in the'no-memory condition. In a Second experiment,
subjects asked to remember distractor information in addition to the
event frequency information showed moce inaccurate estimates of event
frequency information and use of simpler judgment strategies than subjects ,

in a condition comparable to our prior memory condition. These two
experiments indicate that covariation judgments under memory load conditions
are substantially worse than those of subjects free of such memory
demands.

In sum, the data from several studies indicates that a carefully
structured problem set cabe profitably used to indicate strategies
underlying judgments oficovariations between events. Such judgments are
particularly interesting since they build so directly on the basic
mathematical understanding of ratios and fractions. That is, people
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making covariation judgments should be comparing two conditional prapabilities.,
each of which is a ratio between two freq&encies. Out evidence indicates,
that substantial N.:se of such a strategy doesn't occur until the 10th
grade, and then by. only a- minority of tht subjects. This evidende is
congruent with other research indicating that problems in application of
ratio concepts are common among adults as well as-childven (Karplus &
retersat, 1970; Kurtz & Karplus, 1979; Capon & Kuhn, 1979). v

Our results have further implications for statistical reasoning as
a key link between math and science. Given the key role of covariation ii' "..

assessment in causal judgment, the evidence suggests that naive causal
judgment may suffer from serious biases. That ha, use of less-than-
optimal.judgment rules may results in erroneous perceptions of relationships
between actually independent events, or failure to note relationships
between events which are, in fact, related. The data further indicaze
that judgment problems may begin at 4th grade, when.ipildren begin to
evidence reliable strategy use. Such limited rules should be particularly
problethatic as children enter the more advanced scientific training
progiams of junior high and high school. Children may make progress in
rule use during those adolescent years, but Biaeopd judgment patterns .

, harsist for the majority of people en at t 0 college years.
While the evi ce clearly iden ifieS s ategy limitations among

most subjects test d, those strategies may beTabject to remediation.
In fact, one of ou lIevious experiments (Shaklee & Tucker, mo)
indicates tha4 training may indeed improve performance. This experiment
incorporated twor types of training: concept training and sort instructions.
Half of the.sub'ects in thiS experiment began their, sessions with a
discussion of e nE covariation%, citing covariates common to everyday
life.and clarifying variations in direction and strength of relationship.
Comparison subjects received no such knstruation.. Crossed with this
manipulation were instructions to sort che data instances (presented as
decks of 5 x 2were,cards) into a x 2 matrix. Comparison subjects we not
so instructe . Although sort instructions had no.significant effect
(half of the subjects knew to sort the data without being instructed to
do so), cmgept training did significantly improve judgment accuracy.
While the evidence indicates that training may be effective in mediating
' covariation judgment; the fina'ing is somewhat general. More informative
would be an approach which develqps interventions specific to strategy

,

levels.
1

Further evidence of the potential effectiveness of training such
judgments comes from related work in probability judgment. Research by
several investigators indicates that training improves probability
judgments among children from 1st grade through 6t1P%rade (Ojeman,
.Maxey, & Snider, 1965a & b;'Shepler, 1969; Dunlap, 1980). Since covariation
judgment is a comparison between probabilities, this research bolstered
our expectation that training would be effective in improving rule use
in covariation judgment as '0111.

Grant Supported Research

This program of research included a sequence of experiments designed
to examilie the effects of training on covariation judgment. That series
began with studies to identify subjects' own understandings of their
rules and sources of individual differences in rule use. The remaining

experiments focus on quesr.7.ions about the trainability of those judgments.
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Since all eiperiments employed the same rule analytic approach, the
strategy index will first be described in detail,. Discussion of.specific
experiments. will follow.*

Rule Analytic Instrument

Problems. Each subject's judgment strategy is identified through ,
his or her solution to 12 different'covariation problems, eacfl'set in
the 'context-of everyday events. Twelt different problem colt:ants were
developed, each of which consists of a set of observations picturing one
of two states for two potentially related everyday events. Three problems
picture tspicture bakery productwilich either rose or fell in association with
the presence or absence of yeast, baking powder, or "special ingredient.c
In three other prbblems, plants are pictured as healthy or sick as a .

possible function okpresence or absence of plant food, bug spray, or
"special plant medicine. ". In three problems people (or animals) are
pictured as sick or healthy as a possible function of presenceor absence t

of a shot, liquid medicine, or a pill. The remaining three problems 0.
picture'a possible association between space creatures' moods (happy/sad) "+

and the presence or absence of one of three weather conditions (snow,
fog, or rain)1

,

For each problem, data instances are pictured in a 2 x 2 table. !

Example frequencies used are listed in Tables 2a and 3. Tabled frequeniies
indicate one ndhcontingent and two contingent relationships for each
strategy problem type. Directicn of relationship (A1 more likely given
B B2 or.. no difference) is counterbalanced across subjects for ofth .\
ptoblem content. -""

Each problem is introduced with a paragraph describing a context,in
which several observations were made on two potentially relited variables.
Subjects are asked to look at the pictured information and identify the
relative likelihood of one of the events when the second event was ,

either present or absent.. An example problem:

Spacemen from Earth landed on another planet and
creatures called. the block-heads. ...They wanted to see what
block -heads were like, so they watched them closely.

Saturday chey.would look'outside.to'check the wsather and
see.how the block-headp were doing. Sometimes it was
snowing and sometimes it was not.. Sometimes the block -heads
were happy and sometimes they were not. In the,pictve
you will see how manytimes each of,these tnings happened
together. The picture indicates that when it was's6owing
block-heads were

(circle one) a) more likely to be happy than
b) just as likely to be happy as
c) less likely to be happy than

when it-was not snowing.

A similar paragraph and response form was developed for each problem
content. In each case, subjects indicate whether A given B1 was more
likely, just as likely? or less likely than giveA B2.

9
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their account of systematic judgment bases. Thus, verbal accounts
frequently underestimate judgment competence-in research with children
(Brainerd, 190; Bullock & Gelman, 1479; Goldberg, 1966). Research with
adults, on the other hand, indicates that subjects' explanations often
overestimate judgment sophistication. Both expert and nonexpert
judges (Goldberg, 1968; Nisbett Wilson, 1977) describe themselves as
using complex rules that bear little resemblance to the more simple
patterns of their actual performance.

In order to investigate these relationships college subjects were
tested with the rule analytic problem set described above. After each
covariation judgment, subjects were asked to rate their confidence in
the accuracy of their judgments. Once the problem set was completed,
subjects were asked to explain how they solved the last problem in the
set (stated strategy), to choose which of our proposed four rules was
most like theirs (model choice), and to identify which of the four rules
was the best one (best strategy). Each subject was tested and interviewed
individually.

Results showed that problem difficulty level differed as a function
of problem type, with mean accuracy decreasing as one moves up the
problem hierarchy from cell a through conditional probability problem
types (see Table 2, Appendix A for meant). This Pattern of problem
difficulty replicates that seen in all of our previous studies.

Subjects' confidence in their judgment accuracy also decreased as problem
difficulty increased, indicating that subjects show at least some insight
into the lir.its of their judgment rules. Idles were more accurate than
females in covariation judgment, although there were no sex differences
in confidence ratings.

Judgment-based strategy classifications were determined as described,
above. Most frequently occurring were judgment patterns congruent with
a versus b and conditional probability rules (36.2Z,and 31.9% of the
samples respectively). Cell-a and sum of diagonals classifications were
less common (5.2% and 15.5% respectively). Males showed use of more
sophisticated strategies than females (see'Table 3, Appendix A) in a
pattern parallel to that found for judgment accuracy.

Subjects' interview responies were compared to judgment-based rule

classifications. Correlations were significant between judgment-based
and both stated strategy (r = .58) and model choice (r = .45) measures.
However, examination of subject classifications shows that judgment-
explanation agreement was substantially highwfor conditional probability
subjects (97%) than for the other strategy gips (24% for other groups
combined), suggesting that some subjects knew more about what they were
doing than others. Subject's choices of the best rule were found to be
reliably more sophisticated than their descriptions of their own strategy
(by model choice measure).

Overall, these results suggest that self-report may be a weak data-
base for research on covariation judgment, In particular, self-report
may be a poor method for diagnosing sources of error in covariation
judgment. Our finding of strategy classification differences in self-
report accuracy are somewhat ironic from an educational point of view.
That is, the students best able to report their problem solution methods
would be tho!, who are most accurate in judgment and, hence, need help
the least.

Experiment 2: Predictors of Rule Use Among College Students

Our consistent evidence throughout all Of our work indicates that
most subjects of a given age use a systematic rule, but that those
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t

a
c
c
u
r
a
c
y
 
a
n
d
 
s
t
r
a
t
e
g
y
 
u
s
e
.

W
e
 
w
e
r
e
 
q
u
i
t
e
 
s
u
r
p
r
i
s
e
d
 
t
o
 
s
e
e
 
t
h
a
t
 
n
o
n
e
 
o
f

t
h
e
s
e
 
v
a
r
i
a
b
l
e
s
 
w
e
r
e
 
r
e
l
i
a
b
l
y
 
r
e
l
a
t
e
d
 
t
o
 
c
o
v
a
r
i
a
t
i
o
n
 
j
u
d
g
m
e
n
t
.
 
I
n
 
v
i
e
w

o
f
 
t
h
e
 
l
a
r
g
e
 
s
a
m
p
l
e
 
s
i
z
e
 
(
9
7
 
f
e
m
a
l
e
s
,
 
8
9
 
m
a
l
e
s
)
 
w
e
 
r
e
g
a
r
d
 
l
o
w
 
p
o
w
e
r
 
t
o

b
e
 
a
n
 
u
n
l
i
k
e
l
y
 
a
c
c
o
u
n
t
 
o
f
 
t
h
e
s
e
 
n
u
l
l
 
e
f
f
e
c
t
s
.

R
a
t
h
e
r
,
 
t
h
e
s
e
 
f
i
n
d
i
n
g
s

s
u
g
g
e
s
t
 
t
h
a
t
 
u
s
e
r
s
 
o
f
 
l
e
s
s
 
a
c
c
u
r
a
t
e
 
r
u
l
e
s
 
h
a
v
e
 
t
h
e

m
a
t
h
 
b
a
c
k
g
r
o
u
n
d
 
a
n
d

c
o
m
p
e
t
e
n
c
e
 
f
o
r
 
m
o
r
e
 
a
d
v
a
n
c
e
d
 
r
u
l
e
 
u
s
e
.

E
v
e
n
 
o
u
r
 
m
o
s
t
 
a
d
v
a
n
c
e
d
 
r
u
l
e
 
m
a
y

r
e
q
u
i
r
e
 
m
a
t
h
 
a
b
i
l
i
t
y
 
s
i
m
p
l
e
 
e
n
o
u
g
h
 
t
o
 
b
e
 
i
n
 
t
h
e
 
c
o
m
p
e
t
e
n
c
e
 
o
f
 
n
e
a
r
l
y
 
a
l
l

c
o
l
l
e
g
e
 
l
e
v
e
l
 
s
t
u
d
e
n
t
s
 
(
i
.
e
.
,
 
c
o
m
p
a
r
i
s
o
n
 
o
f
 
t
w
o
 
r
a
d
o
s
)
.

T
h
o
s
e
 
j
u
d
g
e
s
,

h
o
w
e
v
e
r
,
 
m
a
y
 
d
i
f
f
e
r
 
i
n
 
t
h
e
i
r
 
a
b
i
l
i
t
y
 
t
o
 
a
p
p
l
y
 
t
h
a
t
 
k
n
o
w
l
e
d
g
e
 
t
o
 
t
h
e

j
u
d
g
m
e
n
t
 
a
t
 
h
a
n
d
.

W
e
 
a
l
s
o
 
t
o
o
k
 
t
h
i
s
 
o
p
p
o
r
t
u
n
i
t
y
 
t
o
 
f
u
r
t
h
e
r
 
i
n
v
e
s
t
i
g
a
t
e
 
o
u
r
 
p
r
e
v
i
o
u
s

f
i
n
d
i
n
g
s
 
o
f
 
s
e
x
 
d
i
f
f
e
r
e
n
c
e
s
 
i
n
 
r
u
l
e
 
u
s
e
.

A
g
a
i
n
,
 
w
e
 
f
o
u
n
d
 
t
h
a
t
 
m
a
l
e
s

w
e
r
e
 
r
e
l
i
a
b
l
y
 
m
o
r
e
 
a
c
c
u
r
a
t
e
 
t
h
a
n
 
f
e
m
a
l
e
s
 
i
n
 
c
o
v
a
r
i
a
t
i
o
n
 
j
u
d
g
m
e
n
t
 
a
n
d

t
h
a
t
 
t
h
e
y
 
t
e
n
d
e
d
 
t
o
 
u
s
e
 
m
o
r
e
 
a
d
v
a
n
c
e
d
 
j
u
d
g
m
e
n
t
 
r
u
l
e
s
.

M
a
l
e
s
 
a
l
s
o

r
e
p
o
r
t
e
d
 
m
o
r
e
 
e
x
t
e
n
t

e
 
m
a
t
h
 
b
a
c
k
g
r
o
u
n
d
s
 
t
h
a
n
 
f
e
m
a
l
e
s
.

T
h
i
s
 
s
u
g
g
e
s
t
e
d

t
h
a
t
 
t
h
e
 
s
e
x
 
d
i
f
f
e
r
e
n
c
e
 
i
n
 
s
t
r
a
t
e
g
y
 
u
s
e
 
m
a
y
 
b
e
 
a
 
f
u
n
c
t
i
o
n
 
o
f
 
d
i
f
f
e
r
e
n
t
i
a
l

m
a
t
h
 
t
r
a
i
n
i
n
g
.
,
 
H
o
w
e
v
e
r
,
 
w
e
 
f
o
u
n
d
 
t
h
a
t
 
t
h
e
 
s
e
x
 
d
i
f
f
e
r
e
n
c
e
s
 
i
n
 
c
o
v
a
r
i
a
t
i
o
n

j
u
d
g
m
e
n
t
 
w
e
r
e
 
p
r
e
s
e
r
v
e
d
 
e
v
e
n
 
w
h
e
n
 
m
a
t
h
 
b
a
c
k
g
r
o
u
n
d
 
w
a
s
 
u
s
e
d
 
a
s
 
a
 
c
o
v
a
r
i
a
t
e
.

E
x
p
e
r
i
m
e
n
t
 
3
:

M
o
d
i
f
y
i
n
g
 
P
r
o
c
e
d
u
r
e
 
F
o
r
 
U
s
e
 
W
i
t
h
 
Y
o
u
n
g
e
r
 
S
u
b
j
e
c
t
s

(
S
e
e
 
A
p
p
e
n
d
i
x
 
C
,
 
E
x
p
e
r
i
m
e
n
t
 
1
,
 
f
o
r
 
d
e
t
a
i
l
e
d
 
d
i
s
c
u
s
s
i
o
n
 
o
f
 
t
h
i
s
 
s
t
u
d
y
)

O
u
r
 
p
r
e
v
i
o
u
s
 
d
e
v
e
l
o
p
m
e
n
t
a
l
 
s
t
u
d
y
 
(
S
h
a
k
l
e
e
 
&
 
M
i
m
s
,
 
1
9
8
1
)
 
w
a
s
 
g
e
n
e
r
a
l
l
y

s
u
c
c
e
s
s
f
u
l
 
i
n
 
c
h
a
r
a
c
t
e
r
i
z
i
n
g
 
s
y
s
t
e
m
a
t
i
c
 
s
t
r
a
t
e
g
y
 
u
s
e
 
b
y
 
s
u
b
j
e
c
t
s
 
a
t
 
t
h
e

v
a
r
i
o
u
s
 
a
g
e
s
 
t
e
s
t
e
d
.

T
h
e
 
o
n
e
 
e
x
c
e
p
t
i
o
n
 
t
o
 
t
h
i
s
 
c
l
a
i
m
 
i
s
 
t
h
e
 
f
o
u
r
t
h

g
r
a
d
e
 
s
a
m
p
l
e
,
 
w
h
e
r
e
 
n
e
a
r
l
y
 
h
a
l
f
 
o
f
 
t
h
e
 
c
h
i
l
d
r
e
n
 
w
e
r
e
 
n
o
t
 
c
a
t
e
g
o
r
i
z
a
b
l
e

a
s
 
u
s
i
n
g
 
a
n
y
 
o
f
 
o
u
r
 
p
r
o
p
o
s
e
d
 
s
t
r
a
t
e
g
i
e
s
.

T
h
e
s
e
 
u
n
s
y
s
t
e
m
a
t
i
c
 
s
t
r
a
t
e
g
y

u
s
e
r
s
 
w
e
r
e
 
l
a
b
e
l
e
d
 
S
t
r
a
t
e
g
y
 
0
 
(
f
a
i
l
e
d
 
t
o
 
p
a
s
s
 
a
n
y

p
r
o
b
l
e
m
 
t
y
p
e
s
:

2
1
%
 
o
f

t
h
e
 
s
a
m
p
l
e
)
 
o
r
 
u
n
c
l
a
s
s
i
f
i
a
b
l
e
 
(
p
a
s
s
e
d
 
s
t
r
a
t
e
g
y
 
t
y
p
e
s
 
i
n
 
a
n
 
u
n
p
r
e
d
i
c
t
e
d

15

p
a
t
t
e
r
n
:

2
5
%
 
o
f
 
t
h
e
 
s
a
m
p
l
e
)
.

G
i
v
e
n
 
s
u
c
h
 
h
i
g
h
 
r
a
t
e
s
 
o
f
 
u
n
s
y
s
t
e
m
a
t
i
c

j
u
d
g
m
e
n
t
 
w
e
 
m
u
s
t
 
c
o
n
s
i
d
e
r
 
t
h
e
 
p
o
o
s
i
b
i
l
i
t
y
 
t
h
a
t
 
t
h
e
s
e
 
c
h
i
l
d
r
e
n
 
w
e
r
e

s
i
m
p
l
y
 
c
o
n
f
u
s
e
e
b
y
 
t
h
e
 
p
r
o
c
e
d
u
r
e
.

S
t
i
m
u
l
i
 
a
n
d
 
t
e
r
m
i
n
o
l
o
g
y
 
s
u
i
t
a
b
l
e
 
f
o
r

t
h
e
 
o
l
d
e
r
 
c
h
i
l
d
r
e
n
 
i
n
 
t
h
e
 
s
t
u
d
y
 
m
a
y
 
h
a
v
e
 
b
e
e
n
 
o
v
e
r
 
t
h
e
 
h
e
a
d
s
 
o
f
 
t
h
e
s
e

y
o
u
n
g
e
s
t
 
s
u
b
j
e
c
t
s
.

I
f
 
s
o
,
 
t
h
e
 
f
o
u
r
t
h
 
g
r
a
d
e
r
s
 
m
a
y
 
n
o
t
 
h
a
v
e
 
b
e
e
n
 
a
b
l
e
 
t
o

d
e
m
o
n
s
t
r
a
t
e
 
t
h
e
 
s
t
r
a
t
e
g
i
e
s
 
w
i
t
h
i
n
 
t
h
e
i
r
 
c
o
m
p
e
t
e
n
c
i
e
s
.

I
n
 
v
i
e
w
 
o
f
 
t
h
i
s
 
c
o
n
c
e
r
n
,
 
w
e
 
m
o
d
i
f
i
e
d
 
t
h
e
 
p
r
o
c
e
d
u
r
e
 
c
o
n
s
i
d
e
r
a
b
l
y
 
t
o

m
a
k
e
 
i
t
 
m
o
r
e
 
a
p
p
r
o
p
r
i
a
t
e
 
f
o
r
 
u
s
e
 
w
i
t
h
 
y
o
u
n
g
e
r
 
c
h
i
l
d
r
e
n
.

O
u
r
 
m
o
d
i
f
i
c
a
t
i
o
n
s

c
e
n
t
e
r
e
d
 
o
n
 
t
w
o
 
m
a
j
o
r
 
a
s
p
e
c
t
s
.

F
i
r
s
t
,
 
w
e
 
w
o
n
d
e
r
e
d
 
i
f
 
t
h
e
s
e
 
y
o
u
n
g
 
c
h
i
l
d
r
e
n

1
2



1

4

were confused by the tables indicating event frequencies. As a result,
we expanded our introduction of the tabled information on two practice
problems, discussing the contents of each table cell and checking comprehenkOn
by asking the children to point to table cells with particular-event-
state pairings. We also wondered if our covariation judgment question
was excessively complex syntactically. Thus, in our revised procedure,
we modified the question to read (sing the blockhead problem cited
earlier):

The picture indicates that blockheads were more likely to be happy:

a) when it was snowing
b) when it was not sawing
c) no difference

These modifications were made to make our problems more comprehensible
to younger children. It turns out that we outdid ourselves in this
respect. Testing a new sample of children, nearly all of our subjects
were classifiable by one of our rules in the fourth grade, and a majority
of children showed systematic rule use iythe second and third grades.
Overwhelmingly, these subjects were classified as using the a versus b
rule (see Table, 3, Appendix C). Thin, these results indicate that
systematic rule use is clearly within the competence of fourth grade
children, and is also common among second and third grade children. In
light of these findings this modified procedure was deemed more appropriate
for use with subjects in the elementary school years.

Experiment 4 Eliciting Reliab:e Rule Use
(See Appendix C, Experiment 2 for detailed discussion of this experiment)

Our modified procedure indicates that reliable rule use is common
at an earlier age than our previous evidence indicated, but we still see
that judgments are frequentl; unsystematic among second grade children.
As a result, we were concerned about the origins of systematic rule us
in judging covariation between events. Training paradigms are commonly
used by psychologists to Identify sources of developmental trends. If

one can identify a training approach which leads ar'individual to show
reliable rule use, contents o2 that training approach may indicate key,
aspects of knowledge that result in the natural acquisition of the rule.
Of course, successful training indicates only one sufficient model of
the natural developmental process. The real life transition may follow
some alternative sufficient process.

We turned our attention to identifying origins of reliable rule use
among first and second grade children. We chose not to train children
in use of the cell a rule since it so rardly occurred naturally. Instlead,
we developed training programs designed ti) elicit use of the a versus b
rule.

(

Our training approach stemmed flout our suspicion that the judgment
question itself focused children's attention on cells a and b of the
contingency table. Asked If slants arelmore likely to be healthy when
they get bug spray or when they don't get bug spray, a subject may look
at those two event conjunctions (i.e., healthy plants-bug spray; heblthy
plants-no bug spray). We thought of 91i3 as a problem of attention,
direction. This was the reasoning be:and our Attention only condition,
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w
h
e
r
e
,
 
o
n
 
a
 
s
e
t

.
o
f
 
6
 
t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
s
,
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t
e
r
 
a
s
k
e
d
 
t
h
e

s
u
b
j
e
c
t
 
t
o
 
p
o
i
n
t
 
t
o
 
t
h
e
 
e
v
e
n
t
 
c
o
m
b
i
n
a
t
i
o
n
s
 
s
p
e
c
i
f
i
c
a
l
l
y
 
m
e
n
t
i
o
n
e
d
 
i
n
 
t
h
e

q
u
e
s
t
i
o
n
 
a
n
d
 
t
o
 
c
o
u
n
t
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
c
a
s
e
s
 
i
n
 
e
a
c
h
 
o
f
 
t
h
e
 
t
w
o
 
c
e
l
l
s
.

S
u
b
j
e
c
t
s
 
t
h
e
n
 
m
a
d
e
 
t
h
e
i
r
 
c
o
v
a
r
i
a
t
i
o
n
 
j
u
d
g
m
e
n
t
.

S
u
b
j
e
c
t
s
 
h
a
d
 
m
a
s
t
e
r
e
d

t
h
i
s
 
t
e
c
h
n
i
q
u
e
 
b
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
e
 
t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
s
.

A
 
s
u
b
j
e
c
t
 
m
a
y
 
a
l
s
o
 
f
a
i
l
 
t
o
 
u
s
e
 
t
h
e
 
a
 
v
e
r
s
u
s
 
b
 
r
u
l
e
 
b
e
c
a
u
s
e
 
h
e
 
o
r

s
h
e
 
m
i
s
s
e
s
 
t
h
e
 
c
o
m
p
a
r
a
t
i
v
e
 
a
s
p
e
c
t
 
o
f
 
t
h
e
 
q
u
e
s
t
i
o
n
 
i
.
e
.
,
 
w
h
i
c
h
 
i
s
 
m
o
r
e

l
i
k
e
l
y
.

A
 
s
e
c
o
n
d
 
g
r
o
u
p
 
o
f
 
s
u
b
j
e
c
t
s
 
w
e
r
e
 
g
i
v
e
n
 
t
h
e
 
A
t
t
e
n
t
i
o
n
 
i
n
s
t
r
u
c
t
i
o
n
s

o
n
 
t
h
e
 
t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
s
 
a
n
d
,
 
i
n
 
a
d
d
i
t
i
o
n
,
 
w
e
r
e
 
s
p
e
c
i
f
i
c
a
l
l
y

a
s
k
i
4
 
w
h
i
c
h
'

o
f
 
t
h
e
 
t
w
o
 
c
e
l
l
s
 
b
a
d
 
m
o
r
e
 
c
a
s
e
s
 
i
n
 
i
t
.

S
u
b
j
e
c
t
s
 
t
h
e
n
 
m
a
d
e
 
t
h
e
i
r
 
c
o
v
a
r
i
a
t
i
o
n

j
u
d
g
m
e
n
t
s
.

S
u
b
j
e
c
t
s
 
a
l
s
o
 
m
a
s
t
e
r
e
d
 
t
h
i
s
 
t
e
c
h
n
i
q
u
e
 
b
y
 
t
h
e
 
e
n
d
 
o
f
 
t
h
e

t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
s
.

T
h
i
s
 
g
r
o
u
p
 
i
s
 
t
h
e
 
A
t
t
e
n
t
i
o
n
 
-
p
l
u
g
.
 
-
m
o
r
e
 
t
r
a
i
n
i
n
g

g
r
o
u
p
.A
 
f
i
n
a
l
 
g
r
o
u
p
 
i
s
 
a
 
n
o
-
t
i
a
i
n
i
n
g
 
c
o
n
t
r
o
l
 
g
r
o
u
p
,
 
w
h
o
 
j
u
d
g
e
d
 
t
h
e
 
s
a
m
e
 
6

p
r
o
b
l
e
m
s
 
b
u
t
 
w
e
r
e
 
g
i
v
e
n
 
n
o
 
s
p
e
c
i
a
l
 
i
n
s
t
r
u
c
t
i
o
n
s
.

S
u
b
j
e
c
t
s
 
i
n
c
l
u
d
e
d
 
c
h
i
l
d
r
e
n
 
i
n
 
f
i
r
s
t
 
a
n
d
 
s
e
c
o
n
d
 
g
r
a
d
e
.

A
l
l
 
s
u
b
j
e
c
t
s

w
e
r
e
 
p
r
e
t
e
s
t
e
d
 
t
o
 
e
s
t
a
b
l
i
s
h
 
i
n
i
t
i
a
l
 
r
u
l
e
 
u
s
e
.

U
n
c
l
a
s
s
i
f
i
a
b
l
e
,
 
S
t
r
a
t
e
g
y

0
 
a
n
d
 
c
e
l
l
 
a
 
j
u
d
g
e
s
 
w
e
r
e
 
i
n
c
l
u
d
e
d
4
i
n
 
t
h
e
 
p
a
r
a
d
i
g
m
.

S
u
b
j
e
c
t
s
 
w
e
r
e
 
r
a
n
d
o
m
l
y

a
s
s
i
g
n
e
d
 
t
o
 
o
n
 
o
f
 
t
h
e
 
t
h
r
e
e
 
c
o
n
d
i
t
i
o
n
s
.

S
u
b
j
e
c
t
 
f
z
t
i
g
u
e
 
p
r
e
v
e
n
t
e
d
 
a
n
 
i
m
m
e
d
i
a
t
e
 
p
o
s
t
t
e
s
t
 
o
f
 
t
r
a
i
n
i
n
g
 
e
f
f
e
c
t
s
.

H
o
w
e
v
e
r
.
 
a
l
l
 
s
u
b
j
e
c
t
s
 
d
i
d
 
r
e
t
u
r
n
 
a
 
w
e
e
k
 
l
a
t
e
r
 
f
o
r
 
a
 
d
e
l
a
y
e
d
 
p
o
s
t
t
e
s
t
.

S
u
b
j
e
c
t
'
s
 
p
e
r
f
o
r
m
a
n
c
i
 
a
t
 
t
h
a
t
 
t
i
m
e
 
i
s
 
i
l
l
u
s
t
r
a
t
e
d
 
i
n
 
T
a
b
l
e
 
5
 
o
f
 
A
p
p
e
n
d
i
x

C
.

R
a
t
e
s
 
o
f
 
i
m
p
r
o
v
e
m
e
n
t
 
w
e
r
e
 
a
t
 
t
h
e
 
s
a
m
e
 
l
o
w
 
l
e
v
e
l
 
f
o
r
 
A
t
t
e
n
t
i
o
n
-
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u
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.
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h
i
s
 
f
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e
a
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y
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o
w
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w
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r
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H
o
w
e
v
e
r
,
 
t
h
e
 
A
t
t
e
n
t
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o
n
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p
l
u
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r
e
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r
a
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n
g
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d
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u
l
t
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n
 
r
e
l
i
a
b
l
e
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m
p
r
o
v
e
m
e
n
t
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t
 
t
h
e
 
d
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l
a
y
e
d
 
p
o
s
t
t
e
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.

T
h
u
s
,
 
w
e
 
s
e
e
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h
a
t
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h
e
 
c
o
m
p
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r
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t
i
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e
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s
p
e
c
t
 
o
f
 
t
h
e
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u
d
g
m
e
n
t
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y
 
b
e
 
a
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a
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m
p
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b
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c
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E
x
p
e
r
i
m
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n
t
 
5
:

E
l
i
c
i
t
i
n
g
 
S
u
m
 
o
f
 
D
i
a
g
o
n
a
l
s
 
R
u
l
e
 
U
s
e

H
a
v
i
n
g
 
d
i
s
c
o
v
e
r
e
d
 
t
h
a
t
 
y
o
u
n
g
 
c
h
i
l
d
r
e
n
 
C
a
n
 
u
s
e
 
t
h
e
 
a
 
v
e
r
s
u
s
 
b
 
r
u
l
e
,

w
e
 
n
e
x
t
 
a
t
t
e
m
p
t
e
d
 
t
o
 
e
l
i
c
i
t
 
u
s
e
 
o
f
 
m
o
r
e
 
a
d
v
a
n
c
e
d
 
r
u
l
e
s
 
f
r
o
m
 
o
l
d
e
r

s
u
b
j
e
c
t
s
.

O
u
r
 
f
i
r
s
t
 
a
p
p
r
o
a
c
h
 
w
a
s
 
t
o
 
t
r
a
i
n
 
s
u
b
j
e
c
t
s
 
t
o
 
u
s
e
 
t
h
e
 
s
u
m
 
o
f

d
i
a
g
o
n
a
l
s
 
s
t
r
a
t
e
g
y
.

T
h
i
s
 
s
t
r
a
t
e
g
y
 
i
s
 
b
u
i
l
t
 
o
n
 
t
h
e
 
n
o
t
i
o
n
 
t
h
a
t
 
s
o
m
e

e
v
e
n
t
 
c
o
m
b
i
n
a
t
i
o
n
s
 
c
o
n
f
i
r
m
 
a
 
p
a
r
t
i
c
u
l
a
r
 
r
e
l
a
t
i
o
n
s
h
i
p
 
b
e
t
w
e
e
n
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v
e
n
t
s
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n
d

t
h
a
t
 
s
o
m
e
 
c
o
m
b
i
n
a
t
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o
n
s
 
d
i
s
c
o
n
f
i
r
m
 
t
h
a
t
 
r
u
l
e
.

F
o
r
 
e
x
a
m
p
l
e
,
 
i
f
 
b
u
g
 
s
p
r
a
y

i
s
 
g
o
o
d
 
f
o
r
 
p
l
a
n
t
s
,
 
w
e
 
s
h
o
u
l
d
 
s
e
e
 
m
a
n
y
 
c
a
s
e
s
 
o
f
 
h
e
a
l
t
h
y
 
p
l
a
n
t
s
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i
t
h
 
b
u
g

.

s
p
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y
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d
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p
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p
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.
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p
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p
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p
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b
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x
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e
p
t
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o
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e
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l
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t
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n
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h
i
p
.

S
u
m
 
o
f
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i
a
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n
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l
s
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r
a
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n
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n
g
 
t
a
u
g
h
t
 
s
u
b
j
e
c
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s
 
t
h
a
t
 
c
e
l
l
s
 
a
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n
d
 
d
 
w
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e
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o
d
 
e
x
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m
p
l
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f
 
a
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s
i
t
i
v
e
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t
i
o
n
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p
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d
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c
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d
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c
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S
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b
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t
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r
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e
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t
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n
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i
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S
u
b
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s
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c
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c
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m
p
l
e
s
 
a
n
d
 
t
h
o
s
e
 
w
i
t
h
 
e
x
c
e
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n
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S
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b
j
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c
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s
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o
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u
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m
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c
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a
 
a
n
d
 
b
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d
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c
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d
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g
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o
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e
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s
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b
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c
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n
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d
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h
e
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r
 
c
o
v
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r
i
a
t
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n
 
j
u
d
g
m
e
n
t
s
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A
 
g
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o
u
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c
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n
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u
b
j
e
c
t
s
 
m
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d
e
 
c
o
v
a
r
i
a
t
i
o
n
 
j
u
d
g
m
e
n
t
s
 
o
n
 
t
h
e
 
s
a
m
e
 
p
r
o
b
l
e
m
s
 
w
i
t
h
o
u
t
 
t
h
e

b
e
n
e
f
i
t
 
o
f
 
t
r
a
i
n
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n
g
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r
a
i
n
i
n
g
 
e
f
f
e
c
t
s
 
w
e
r
e
 
m
e
a
s
u
r
e
d
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n
 
a
n
 
i
m
m
e
d
i
a
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e

p
o
s
t
t
e
s
t
 
a
n
d
 
i
n
 
a
 
d
e
l
a
y
e
d
 
t
e
s
t
 
o
n
e
 
w
e
e
k
 
l
a
t
e
r
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S
u
b
j
e
c
t
s
 
i
n
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t

w
e
r
e
 
4
t
h
,
 
5
t
h
,
 
7
t
h
 
a
n
d
 
8
t
h
 
g
r
a
d
e
 
c
h
i
l
d
r
e
n
 
w
h
o
s
e
 
p
r
e
t
e
s
t

p
e
r
f
o
r
m
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n
c
e

s
h
o
w
e
e
 
u
s
e
 
o
f
 
c
e
l
l
 
a
 
a
n
d
 
a
 
v
e
r
s
u
s
 
b
 
r
u
l
e
s
.
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4.*

The results of this training experiment are shown in Appendix 0,
Table 2. Note that unclass:.fiable posttest subjects were not incWded
in the analyses. Trained subjects were significantly more likely to
show use of the sum of diagonals rule both at the immediate and at the
delayed posttest. This evidence indicates thdt subjects can indeed show
improved rule use with a relatively simple training procedure. These
training procedures were similarly effective among the younger and older
subjects in the sample. Our training in confirming and disconfirming
cases not only yielded better accuracy, but those ,judgments also conformed
to the pattern predicted by the sum of diagonals rule. This suggests
that this reasoning may well underly the natural acquisition of this
rule in children's development. At a minimutt, these training effects
identi'tfy one sufficient model of this developmental process.

Experiment 6: Eliciting Use of the Conditional Probability Rule

Although all of our proposed rule* may produce better-than-chance
accuracy in covariation judgment, the conditional probability rule will
correctly 4udge any covariation relationship. As a result, it is a
matter of considerable educational significance tc investigate the
trainability of this rule. In view of the low incidence of. use of this
optimal rule at all ages tested, we should be especially motivated to
find ways to improve judgment accuracy.

Our evidence thus far indicates that the conditional probability
rule is the most difficult rule to train subjects to use. The subject
population for this study has included seventh and eighth grade children
who pretest as using the a versus b or sum of diagonals rules. Our
first training approach simply taught subjects to identify the components
of the relevant conditional probabilities. For example, on a problem
about .the effects of special plant food subjects were asLed to point to
the plants that got special food and count how many were there. They
were then asked how many of these were healthy. In the same way, they
pointed to the plants that did not get special food and noted how many
were healthy. They then answered the covariation judgment question for
the problem. Subjects were corrected if they made errors in identifying
the components of the conditional probabilities, but received no feedback
as to the accuracy of their covariation judgment. This prOcedure was
repeated for 6 training problems. We call this condition Components
training. Our evidence shows that subjects who received this training
were no more likely to show use of the conditional probability rule than
no-training control subjects at either immediate or delayed (one week)
posttest. The training was similarly ineffective for subjects whoa
pretested as using either the a versus b or sum of diagonals rules.

In view of these results, we amplified our training to make it much
more explicit about how to combine the components of the conditional
probability into two ratios, and how to make comparisonsibetween them.
Subjects then made their covariation judgments for the problem. Incorrect

responses at any point were corrected including the covariation judgment
itself. This procedure was repeated for 6 training problems. We call

this condition the Ratio-comparison conditon. aoin, subjects were
junior high students who pretested as using the a ver.;us b or sum of
diagonals rules. Results of this study show that sum of diagonals
subjects given Ratio-comparison training are no better than control
subjects in judgment at immediate or delayed (one week) posttest.
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p
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b
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b
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c
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p
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b
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c
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c
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p
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p
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p
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p
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b
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c
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c
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p
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p
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w
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a tabled or broken time line format. These studies suggested to us that
conclusions about event sequences may vary as a function of stimulus
presentation conditions and may contribute to relative accuracy of
eovariation judgment.

Most recently, we've been looking at information sampling strategies
used by subjects to test covariation and/or causal relationship. Our
past research has presented subjects with information about the relative
occurrences of events and asked them to dt3w a conclusion about the
depicted relationship. However, if subjects themselves wish to test a
hypothesis about an event relationship, what information would they
seek?

A common pattern found in related refearch is a tendency to restrict
one's sample to only a subset of the peteatially relevant information
(e.g., Shaklee & Fischhoff, 1982). In our case, a subject asked whether
an outcome is associated with one of two event states night prefer to
sample information about one of those event states, thereby gathering
less information about the other event-state.

Such a sampling bias would have differential impact on judgment
accuracy with each of our covariation judgment rules. For instance, the
sug of diagonals rule is an accurate estimate of a relationship only
when the two alternative states 81 at least one of the two events occurs
equally often. The problem'is easiest to demonstrate if the rule is
reconceptualized in terms of its mathematical equivalent, (a-g)-(b-d).
Thus, an individual compares the difference between the cells in the
first column Of a contingency table with the difference between cells in
the second column. Those differences are only comparable estimates of
likelihood if the column totals are equal; otherwise, the same sized
difference represents a larger proportion of total,instances for the
minority event than for the majority event. The problem becomes more
extreme as the difference in column totals increases, making the sum of
diagonals rule an increasingly inaccurate estimate of differential
likelihood. The a versus rule has the same weakness in addition to
other problems. The conditional probability rule is the only strategy
that will support accurate judgments with biased sampling. However,
even a conditional probability rule will not handle the most extreme of
sampling biases. That is if an individual only gathers data under one
event state and never samples information about the alternative state,
covariation judgment cannot be at better than.a chance level of accuracy.
Such an individual will only know one of the two probabilities relevant
to the comparison. Through preferential sampling of alternative states,
people may actually generate difficult covariai.ion problems from relationships
that would otherwise he simple to evaldate.

We've developed a paradigm for investigating information search
strategies used in testing hypotheses about events. Subjects were
presented with a large envelope containing the universe of observations
about two potentially related events on another planet. The large
envelope was introduced with a des'ription of a potential relationship
between the behavior of some space creature (e.g., sleep/awake) and time
of day (daytime/nighttime). It contained two smaller envelopes, each of
which contained observations of the creature's behavior under one of the
conditions. Thus, subjects had one envelope of daytime observations and
one envelppe of nighttime observations. Each observation was pictured
on a 3" x S''=- rd in the err/elope. Subjects were to select a total of
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24 observations from e two envelopes in such a way as to best test a
hypothesis about the nts. Each hypothesis stated an association
between the time of day and one behavioral state (e.g., being awake is
associ'ted with nighttime). Subjects recorded their 24 o'nervations on a
record sheet, and concluded that the hypothesis was either true of
false. Subjects judged 3 such problems, including a positive, negative,
and a ..:ero relationship. These subjects also judged our strategy diagnostic
problem set. Our intiial simple included third grade, seventh grade,
and college subjects. We defined a subject as biased in sampling if the
mean absolute differences in-samples of the two event states across the
three problems was greater than or equal to 8. (The range oT these
means could be from 0-24.) Sampling tendencies indicate that biased
sampling was common at all ages tested (50% of 3rd graders, 37% of 7th
graders, 32% of college subjects.) When one looks closer at the nature
of the sampling bias, the overwhelming majority of cases are those in
which subjects sampled solely from one envelope (day or night), ignoring
information about the alternative event state. As noted earlier, this
is an extent of bias that even the conditional probability strategy
cannot accurately evaluate. One cannot compare two conditional probabilties
with no information about one of those probabilities. Accuracy cannot
be at better than chance levels under these circumstances. In overview,
this information sampling paradigm does show substantial differential
sampling among subjects from third grade through college age. In view
of the extremity of the bias, sampling patterns such is these would be
devastating to accuracy of colariation and causal judgments alike.

Overview of findings

NIE support has allowed us to investigate It variety of questions
about a common form of statistical reasoning, &variation judgment. Our
past work had indicated that use of systematic but simple rules began in
the fourth grade and that subjects used more sophisticated rules with
increasing age. Our recent research supplements this research in several
important ways.

First, we found that a modified testing prodedure results in spontaneous
use of systematic rules at an earlier age (i.e., 2nd-4th grade) than our
previous study would.indicate. In addition, we found that a simple
training procedure would reliably elicit use of the a versus b rule in
the first and second grades. This would suggest to us that elementary
school children have important competencies in understanding probabilistic
relationships and may indicate that science or math demonstrations of
probabilistic relationships would be suitable for children in the early
primdry grades.

Secondly, we find that a more advanced rule (sum of diagonals)-tan
be acquired in the later elementary school grades with a simple training
procedure. Contents of that procedure mot suggest approaches which
should be similarly effective in improving judgments about event covariations
in classroom demonstrations in these school years. However, we find
that the conditional probability rule is not easily trained in junior
high children by the methods we tried. One interpretation of this
finding ',meld be that training in use of this optimal rule night be
better delayed until the high school, or even college years. However,.
our evidence also indicates the importance of training students in these
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Abstract

4

Judging Evenz Covariations

Past research indicates poor agreement about strategies peo3tx use to

assess covariation between events. This research investigates method

of assessment as,one possible source of this low consensus: A set of

problems was developed in such e way that different judgmint rules would
44

produce different decisions about the relationships between events..

College subjects judged these problems, then were asked to explain their

judgment strategy. In addition, ttsey,wee shOwn model strategies and:

asked to choose the one like their own strategy and the model that wo=rld

be the best strategy. Subjects whose judgments indicated use of the most

sophisticated strategy were quite accurate in reporting, their judgment

rules. Subjects using the less accurate rules most commonly reported

using strategies which could nothave produced the obtained pattern of

problem solutions. These findings suggest that-self-)port is ,

basis for conclusions about sources of error in covariation judgment.
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Judging Event Covariations

Statistical concepts represent one prime area for application of

mathematical training. In particular, statistics are necessary for

identifying predictability in an environment where relationships are

frequently probabilistic (y is more likely when x is present) rather

than deterministic (y always occurs when x is present). Problems such

as these are common in identifying regularities in scientific phenomena,

and in everyday contexts as well. In this respect, statistics Provide

a key ltnk between basic .mathematical concepts and central aspects of

scientific and everyday problem solving. As an area for application of

mathematiCal training, research on statistical reasoning may also be

informative about childrergs and adult's abilities to apply their mathematical

skills appropriately.

The focus of existing research in this area has beenon

probability judgments (e.g., Piaget & Inhelder, 1975; Pischbein, 1975;

Yost, Siegel & Andrews, 1962). A statistical judgment common to reasoning

( about cause-effect relationships builds on probability assessments of this sort.

`An
i

individnal ,inve-tigating the relationship between potential cause x

and effect y would compare the likelihood of y occurring when x is present

P(y/x) with the likelihood that y occurs without x P(y/I). The two events

are independent if these conditional probabilities are equal; nonindependence

is indicated by any difference. The comparison is made to identify

contingency or covariatioetween events. Scientific procedure and

1
statistical analyses testify o the key role of avariation analysis in

professional practice. AlthoUgh not suffttient Co r causal inference,

covariation i's a necessary condition between causes and events. Thus,

covariation analysis may identify the set of possible causes of an event.



Judging Event Covariltions

3

Many psychologists further assert that everyday causal judgment is similarly

based on a covariation analysis (e.g., Michotte, 1963; Inhelder & pia et,

1958; Kelley, 1967; Heider, 1958). That is, people search for likely

explanations of everyday events by identifying event covariates. Thus,

competence in covariation judgment may determine a person's adequacy in

identifying real world cause-effect relationships.

'In fact, a variety of investigators have found that adolescentiand

adrlt subjects show little competence in identifying event covariations

(Niemark, 1975; Smedslund, 1963; Jenkins & Ward, 1965; Adi, Karplus. Lawson,

& Pulos, 1978). While the evidence indicates that covariation judgments

are often erroneous, those judgments.may be rule-governed nonetheless.

Several differelt rules have been proposed by past investigators as

possible judgment Strategies. These rules are discussed in terms of possible

relationships between two events (A and B), each of which occurs in one

of two states (1 and 2).

Least sophisticated of the proposed strategies is judgment according

to the frequency with which the target events cooccur (Ally cell a in a

traditionally labeled contingency table) failing to consider the other

event-state pairings (A182, A281, A282) in defining the elationship. A

subject using this strategy would identify a positive relationship between

Al and B
1
if cell a frequency were the largest of the contingency table cells,

a negative relationship if it were the smallest (cell a strategy). This

strategy is identi:ied by Inheider and Piaget (1958) as common among younger

adolescents, Smedslund (1963) and Nisbett and Ross (1980) suggest that the

strategy is typical among adults as well. The strategy does consider some
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relevant information and may result in better-than-chance performance.

However, the rule considers only a limited portion of the information

that defines the relationship and would result in erroneous judgment of

many relationships.

A second possible approach would compare the number of times target

events Al and B
1
cocccur with the times Al occurs with B

2
(comparison of

frequencies in contingency table cells a and b; strategy a versus b). This

strategy is also identified by Inhelder and Piaget (1958) as a precursor of

atur pidgmenc. Again this strategy considers some of the relevant information

and may result in accurate Judgment of many event contingencies. However,

failure to consider frequencies in cells c and d (event combinations A2B1

and A
2
B
2
) would be a particularly costly error when the direction of that

frequency difference is the same as the difference between cells a and b.

A much improved approach would be the strategy defined by Inhelder

and Piaget (1958) as characteristic of formal operational thinking.

Specifically, covariation would be defined by comparing frequencies of

events confirming (cells a and d) and disconfirming (cells b and c) the

relationship. Thus, the rule would compare the sums of the diagonal cells

in a contingency table (sum of diagonals strategy). Jenkins and Ward
te

(1965), however, point out that phis strategy has its limits as well.

Specifically, the rule is an effective index only when the two states of

at least one of.the variables occur equally often. Otherwise, a correlation

may be indicated when, in fact, independence is the case.

Instead, Jenkins and Ward (1965) suggest that covariation is more

appropriately evaluated by comparing the probability of event AI given
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event B
1
P(A

1
/B

1
) with the probability of Al given that B

2
has occurred

P(A1 /B2). This is equivalent to a comparison of the frequency ratio in

a
contingency table cells Tic; with that in cells p By definition,

independence is indicated by equivalence between these conditional

probabilities; nonindependence is indicated by any difference (conditional

probability strategy). This strategy should result in accurate judgment

of any contingency problem.

Thus, four alterwtive strategies have been proposed to account for
p

subjects' judgment patterns. Many of these rules were proposed on the

basis of subjects' explanations of their judgments. For example, Smedslund's

(1963) cell a strategy is based on the reports of over half of his sample

that they judged the relation of symptom A and diagnosis F according to the

number of AF pairings. Adi, Karplus, Lawson, and Pulos (1978)

categorized subjects according to their explanations. In this case, however,

no subjects were classified as using a cell a strategy. Rather, subjects

described themselves a.. using various combinations of two to four of the_

contingency table cells. Thus, two samples of subjects offer considerably

different explanations of their judgment strategies. Two features of these

studies make it hard to reconcile these differences. First, the two reports offer

little information on the way the explanaions were elicited. We might expect that

different questions would result in different responses. Secondly, neither

of the investigators report the level of agreement with which subject

responses were categorized, so we know little about the reliability of the

categorization schemes.

However, a more serious problem is Relevant to any explanation-based

strategy analysis. That is, such an approach is predicated on the assumption
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subjects are able. and willing to accurately describe their bases of

Judgment. In fact, a variety of research in psychology suggests that this

assumption may not be justified. In developmental research in particular,

young children's poor verbal skills may hinder their account of systematic

judgment bases. Thus, verbal accounts frequently underestimate judgment

competence in research with children (e.g., Brainerd, 1973; Bullock, Gelman,

& 3aillargeon, in p-s.ss; Goldberg, 1966). Research with adults, on the

other hand, indicates that subjects' explanations often overestimate judgment

sophistication. Both expert and nonexpert judges (e.g., Goldberg, 1968;

Nisbett & Wilson, 1977) describe themselves as using complex rules that bear

little resemblence to the simpler patterns of their actual performance.

Ericsson and Simon (1980) note that relative accuracy of verbal reports may

depend on the conditions under whici the information is gathered. These

findings would suggest that explanation-based analyses of judgment strategies

shold oe treated with caution.

An alternative approach would be to analyze judgment strategies on

the basis of subject's actual performance patterns (Ward & Jenkins, 1965;

Jenkins & Ward, 1965; Shaklee & Tucker, 1980). That is, four different

rules have been proposed to account for subjects! judgments of event

covariations. Since different rules produce different judgments,

covariation problems could be identified which would differentiate between

those rules. In fact, careful structuring of a problem set should allow

us to identify the specific strategy a subject is using.

A set of such problems is illustrAed in Table la. Problems are

structured hierarchically such that cell a problems are correctly solved

by all strategies; strategy a versus b problems are correctly solved by

a versus b, sum of diagonals,and conditional probability strategies. Sum



Judging Event Covariations

7

of diagonal problems will be accurately judged by sum of diagonal and

conditional probability strategies. Conditional probability problems

would be correctly solved by the conditional probability strategy alone.

Solution accuracy is indexed by the direction of the judged relationship

(i.e., Al more likely given B1, B2, or no difference). A subject's

solution pattern on the set of problems indicates the strategy used.

Problems on the first row of Table la illustrate judgments predicted by

each of the proposed rule.s. All problems in the row indicate relationships

in which Al is more likely given Bl than given B2. However, an individual

using the cell a strategy would judge only the first prOblem as such a

relationship (cell a is the largest of the cells). A person using the a

versus b strategy would accurately judge the first two problems in the row,

but would say that Al given B1 is as likely as Al given B2 in the third

problem (2-2), and that Al was less likely given B1 than B2 in the last

problem (2-12). The sum of diagonals rule would result in the correct

judgment of the first three problems, but would say that Al was as likely

to occur with B
1
as with B

2
on the last problem (2+10) - (1240). A subject

using the conditional probability rule should accurately judge all of the

-first row problems. Table lb identifies the solution pattern congruent

with each strategy type. The probability of matching these judgment patterns

by chance alone s .11 for cell a, .04 for a versus b, .01 for sum of

diagonal, and .005 for the 63nditional probability pattern.

Iii two experiments, Shaklee and Tucker (1980) employed this diagnostic

approach to identify judgment rules of 10th grade and college students.

Subjects judged relationships in three problems for each proposed strategy

v.:1)e. Each problem consisted of 24 instances in which event states were
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defined for two events. Problems were set in contexts of everyday events

(e.g., cake rises or falls with or without "special ingredient," plants

healthy or not healthy which do or do not receive plant food). Subjects'

performance indicated general conformity to the strategy set. Congruence

with the cel,ka strategy pattern was frequent among the high school subjects

(17%) but rare in the college sample (1%). Response patterns matched that

of the a versus b strategy for 18% of the college sample (use of this

strategy was not tested among the high school subjects).* Judgment patterns

were congruent with the conditional probability strategy for 17% of the high

school subjects and 33% of the college sample. In each experiment, the modal

response pattern conformed to that of the sum of diagonals rule (35Z of the

college subjects , 41% of the high school subjects) . Subsequent studies

demonstrated that children use increasingly sophisticated rules with

increasing age in the 4th grade to college age span (Shaklee & Mims, 1981),

and that adults tend to use simpler rules as the decision environment

becomes more complex (Shaklee & Mims, 1982).

In sum, the data from several studies indicate that a carefully

structured problem set can be profitably used to indicate strategies under-

lying judgments of covariations between.events. Subjects in these experiments

demonstrated at least some sophistication about appropriate covariation

judgment, however, the optimal judgment rule was used by a minority of subjects.

Such judgments are particularly interesting since they build so directly on

the basic mathematical understanding of ratios and fractions. That is, people

making covariation judgments should be comparing two conditional probabilities,

each of which is a ratio between two frequencies. Our evidence indicates

that substantial use of such a strategy does not occur until the pth grade,

and then by only a minority of subjects. This evidence is congruent with
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other research indicating that problems in application of ratio concepts are

common among adults as well as children (Karplus & Peterson, 1970; Kurtz 4

Karplus, 1979; Capon.& Kan, 1979).

In addition, these findings conflict with the past interview-based

strategy analyses. In particular, Smedslund's (1963) only commonly

reported strategy, cell a, is rarely seen in the performance patterns 9f

our,subjects. In light of this conflict, a direct comparison of explanation

and judgment-based strategy analyses would be profitable. By this approach,

subjects would be asked to complete a diagnostic problem 'set, then explain

their judgment bases. Comparison of classification by the two methods might

show areas of systematic disagreement. In addition, interview responses

offer new information in evaluating our juagment -based analysis. That is,

subjects may describe themselves as using rules which may differ from any

of our proposed rules, but which would prochice a judgment pattern on the

problem set congruent with that of one of our rules. Finally, we learn

something about subjects' insight into their own reasoning. Such under-

standing of subjects' own impressions about their task solutions would be

particularly important in any attempts to improve judgment competence.

That is, training may be maximally effective.when it is oriented toward

the individual's own understanding of his or her rule use.

A second interest in this study is in subjects' evalu'ations of the

adequacy of the rules they use. Those using less sophisticated rules may

Or may not be aware of rule limits.' This study will measure judgments of

rule adequacy by asking subjects to give confidence ratings as they make

their judgments in the problem set. Subjects who are less confident of

errdneous responses than of correct responses must be aware of their rule

34 -
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limitations. In addition, subjects will be asked to identify the best

rule among our set of proposed strategies.

Subjects for this experiment will be male and female college students,

since our past research suggests that this age group should provide sub-

stantial numbers of a versus b, sum of diagonals and conditional probability

judges. Sex of subject will be considered as a factor in the design in

light of i":"mmon findings of sex differences in math skills among adolescents

and adults (e.g., Maccoby & Jacklin, 1974).

Method

Subjects

Subjects in the experiment were students in an introductory psychology

class who participated in the experiment as one option in fulfillment of a

course requirement: Subjects ranged in age from 18 to 32 years, with a'mean age

of 19.42. Sixty-two female and 54 male students participated.

Problems

Subjects judged a set of 12 iovariation problems, structured so that each

of four judgment rules would produce a distinctive judgment pattern on a problem

set. Table la lists the actual problems used. The 12 problems include three

problems for each of the four strategy types. One noncontingent and two

contingent relationships are included for each strategy problem type.

Twelve different problem contents were developed, each of which

consisted of a set of observations picturing one of two states for two

potentially related everyday events. Three problems pictured bakery products

which either rose or fell in association with the presence or absence of

yeast, baking powder, or a "special ingredient." In three other problems,

plants were pictured as healthy or sick as a possible function of the presence
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or absence of plant food, bug spray, or a "special aedicine." In three

problems people or animals were pictured as sick or healthy as a possible

function of the presence or absence of a shot, liquid medicine, or a pill.

The remaining three problems pictured a possible association between space

creatures appearing happy or sad in the presence or absence of one of three

weather condition (snow, fog, or rain).

For each problem, data instances are pictured in a 2 x2 table. In
N

oath case, the manipulated factor (or environmental event) defined the table

columns (e.g. plant food, no plant food in example below), and the outcomes

defined the'table rows (plants healthy, not healthy in the example below).

Each problem is introduced with a paragraph describing a _context in which

several observations were made on two potentially relatelvariables.

Subjects were asked to look at the pictured information and to identify

the relative likelihood of one of the events when the second event was

either ppesent or absent. An'example problem follows:

A plant grower had a bunch Of sick plants. He gave
some of them special plant food, but some plants didn't ,

get special food. Some of the plants' ot better but some
of them didn't. In the picture you will see how many times
these things happened together. The picture'indicates that
plants which were given special food were:'

+3 , +2 +1 0 -1 -2 -3

much somewhat a bit just a bit somewhat much
more more more as less less less
likely likely likely likely likely likely likely

to get better than plants that weren't given special food.
On your answer sheet write the scale number that best
completes the sentence.

In addition, after each covariation judgment subjees were asked to rate

their confidence as follows:
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How certain are you in the accuracy of the above response?

1 2 3 4 5 7 7 8 9 10

just gsessing absolutely certain

The 12 problems were grouped into problem blocks, including one

problem from each strategy type. Problems within each block were arranged

in a single random s-uence. The three problem blocks were sequented in

a single random order. Numbers in parentheses'to the left of the problems

in Table la indicate the position of each problem in the problem sequence.

Once the problem set was completed each subject was interviewed and

asked the following questions about his or her judgment:

Ia. You've just completed several problems about the relationship

between events. Can ypu tell how you solved them?

lb. (Experimenter turns to the last problem in the set - a conditional

probability problem.) Can'you use this pioblem to show me how

you solved it? (strategy explanation)

2. (The participant"is shown models of the strategy types while

they are described.) Can you indicate, from the models presented,

the strategy you used to solve the problems? (model choice)

3. Overall, which do you feel is the "best" strategy? (best strategy)

Each subject was tested and interviewed individually.

Instructions

Initial instructions introduced the subject to the concept of covariation

in the context of "things that go together". Naturally occurring examples

were given of positive relationships (i.e., tall people are more likely to

be heavy than short people), negative relationships (i.e., it is less likely

to rain when it is sunny than when it-is cloudy), and unrelated events {i.e.,

a green truck is just as likely to run out of gas as a red truck). Subjects
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were told that they would be given some problems about hypothetical events

that may or may not tend to occur together. A sample problem involving the

occurrence of snow as it did or did not relate to atmospheric temperature

was used to explain the stimulus materials and the problem format. Each

ti

subject gave a solution to the sample problem and was invited to ask.

questions about the task. Subjects were allowed to1progress through the

problems at their own pace and were encouraged to use the scratch paper

provided if they desired.

Results

Results can be grouped according to their relevance to two issues.

First, subjects' performances can be characterized in terms of the accuracy

of probleL solutions. Confidence ratings on these problems indicate subjects'

beliefs about their accuracy. Secondly, judgment strategies are identified

according to subjects' solution patterns on the problem set and their

responses to the interview questions.

Accuracy. Accuracy was assessed in terms the direction of the

judged relationship (i.e.; A1/131 more, less or equally likely than AI/B2).

Data are analyzed in terms of the number of problems correct per problem

type. Relevant means for this analysis are reported in Table 2. A sex by

problem.type analysis of variance shows a main effect of problem type

(F(3,342) 164.36, 2 < .001) with mean accuracy of 2.88 for cell a, 2.65

for a versus b, 1.47 for sum of diagonals, and 1.21 for conditional

probability problems, A main effect of sex of subject was also significant

(F(1,114) = 6.67, < .01), with more problems correctly solved by males

than by faales. The sex by problem type interaction was also significant

(F(3:3-4-27 3.08, P = .03), with the greatest sex differences in accuracy

for the sum of diagonals and conditional probability problems (see Table 2).

38*v.



Judging Event Covariations

1.4

A sex by problem type analysis of variance of confidence ratings showed

that subjects had some insight into solution accuracy. This was reflected

in a significant effect of problem type on confidence ratings, with

confidence decreasing is problem difficulty increased (F(3,342) 25.60,

1r/f

< .001). Mean lonfidence ratings were 8.5 for cell a, 8.4 or a versus b,

.

7.8 for sum of diagonals, and 7.7 for conditional probabill y problems..

Confidence judgments did not differ by sex either as a main effect or in ,

interaction with problem type.

Strategy. Each subject's pattern' of solution accuracy on problems of

the four types was used to identify, his cr her judgment strategy. Performance

patterns congruent with the four strategies are illustrated in Table lb.

A subject wat said to have passed criterion.on a given problem type if he

or she was accurate on two or more of the three problems of that type. A

conditional probability subject should pass criterion on all problem types,

sum of diagonals judges should pass criterion on all problem types except

the cOnditional'probabgity problems. Judges .using the a versus b rule'

should pass criterion on cell a and a versus b problems. Cell a subjects

should pas' cell a problems alone. Someone who passes no criteria would

be labeled Strategy 0. Judgment patterns that do not match any of these

predicted pattern's are classified as "other.'' Classification by this method

will be referred to as the judgment-based strategy.

Distribution of these judgment-based classifications is illustrated for

each of the two sexes in Table 3. These results indicate that all subjects

passed at least one criterion, indicating that they understood the stimuli

and had at least a simple understanO4ng of the judgment to b; made. Most

frequently occurring were judgment pamarns congruent with a versus b and

.WIN,.



Judging Event Covariations

15
,

conditional probability rules (36:26 and 31.9% of the samples respectively).

Cell a and sum of diagonals classifications were less common, (5.2% and

15.52 respectively). Judgments of 13 subjects failed to match any of our

proposed patterns and were classified as "other". Table 3 also shows males

as generally using more sophisticated strategies than those used by females.

The distributions of the two sexes were co4ared by assigning each subject

a number corresponding to the number of problem type criteria pas4ed (cell /

a an 1,'conditiqnal probability 4). A't test comparing males and females

on strategy classification shows the sex difference in strategy use to be

reliable (t(101) p <

A final judgmetktbased strategy analysis compares the confidence ratings

.of subjects in eadh of the strategy classifications. A subject strategy

/ by problem type analysis of varianse showed no significant difference as

a function of subject judgment strategy (F(3',99) = 1.54, ns). However,

subject strategy did interact with problem type (F(9,297) = 2.68, < 401)".-

In this interaction, subjects classified as a versus b, sum of diagonals,,

and conditional probability judges showed parallel decreasing confidence

as problem difficulty increased. However, cell a judges were least confident

on a versus b problems. As in t e\previous analysis, confidence ratings

also showed -a main effect .of problem type (E(3,297) = 28.68, 2, < .001).

Independent categorizations o/ subjects' strategies were based on

their responses to`-the interview questions. First, subjects were asked

to state their strategies (question la) and to demonstrate that strategy

on a sample problem (question lb). These two responses were conside5ed

tmgether and coded according to whether they conformed to one of our four

strategies. Two alternative responses were also common. Several, subjects

described themselves as using a variant of the conditional probability

a
strategy which compared ratios of cell frequencies c with cell frequencies
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a. This strategy would produce the same judgments as our conditional

probability strategy and will be labelled cell ratios. A second common

response was for a subject to say that he or she had just guessed. Responses

that did not match any of these categories were labelled "other". All

responses were independently categorized by two coders. These two raters

agreed on 89% of their ratings. Table 4 illustrates these classifications

of subjects' explanations.

Once subjects had stated their strategies, they were shown a model

of each of the four proposed strategies and asked to identify the one which

'most closely resembled their problem solving approach. This classification

is referred to as model choice.. Frequency of choices of the various models

is shown in.Table 5. Responses not represented in the strategy examples

were coded as "other". Of these unclassifiable subjects, six said that they

used more than one rule, and the remaining subjects said that they used some

strategy not listed in the models.

Finally, subjects were asked to indicate the best strategy among the

four examples. This response will be labelled best strategy. Table 6

lists frequencies of subjects' choices of each of the strategies. The

group categorized as_Zther" includes several subjects who thought that

two or more categories were equally good, some subjects who thought the

cell ratio strategy was hest, and some subjects who preferred some strategy .

not listed in the examples.

As in the judgment - based strategy classification, a subject's strategy

classification on each of these three measures was converted to a scale

score corresponding to the level of his or her classification in the

strategy hierarchy. Since cell ratio judges should produce the same

judgments as conditional probability rule :s, these two rules Caere grouped
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together in these analyses. Subjects who said that they guessed were

given a score of 0. Comparisons between classification methods were made

in terms of these scale scores. The unclassifiable subjects were not

included in these analyses.

Correlations between the various strategy classifications indicate

some congruence between methods. The correlation between judgment-based

strategy classification and stated strategy is .58 (p < .601). Classification

of subjects by the two methods is illustrated in Table 4. Comparisons

between these classification systems indicate that differences between

classifications by the two methods do not show a reliable direction

(t(94) < 1, ns). A close inspection of Table 4 shows that performance-

explanation congruence differed according to subjects' strategy classification.

Subjects whose performance patterns showed use of'a conditional probability

rule were almost uniformly accurate in describing their strategies (97%

of conditional probability subjects). Among the other groups combined

(excluding "other") only 24Z of the subjects described rules congruent with

their performance patterns. A comparison of the two groups shows this
0

difference to be reliable (X2 = 45.46, df = 1, p < .001).

Comparison between judgment-based classification and subject's model

choice also showed reliable congruence between the two methods (r = .45,

p < .001. Table 5 shows classification of subjects by the two methods.

Comparison between the classification methods shows that model choices were

neither reliably more nor less soph,Asticated than their judgment-based Arategy

classification (t(98) < 1, ns). The correlation between the strategy explanation

and aodel choice measure indicates some zgreement between these two self-

report measures (r = .53, p < .001) with the subject classifications neither

better nor worse by the two methods (t(99) < 1, ns).
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Finally, subjects' selection of best strategy was compared to their

classifications by other methods. Model choice and best strategy used

the save multiple choiCe method, and were thus deemed to make the best

case for comparison (see Table 6 for classification by the two methods).

Subjects' selections of best strategy were reliably more sophisticated

than the strategy they identified as their own (t(88) = 5.35, p < .001),

suggesting that subjects recognized a better way to solve the problems

when one was provided. Their choices of best strategy were also wre

sophisticated than their judgment-based strategy classifications (t(84) = 7.19,

p < .001).

Discussion

4
(These results offer considerable evidence on relative congruence

among self-report and performance-based methods.of identifying strategies

underlying covariation judgments. All comparisons suggest some agreement

between methods, with correlations ranging from .45 - .58. Correlations

at this level indicate that subjects have some insight into their judgment

bases. However, closer inspection of Tables 4 and 5 indicate that some

subjects show considerably better insight than others. In particular,

conditional probability subjects (judgment-based classification) are

impressively accurate, with 97% describing a conditional probability (or

cell ratio) strategy in their strategy explanation, and 84% selecting that

strategy in the model choice measure. In sharp contrast, all other subject

groups show poor congruence between the performance-based and self-report

measures, with 24% agreement between judgment and explanation measures,

25% agreement between judgment and model choice.

The strength of our judgment-based classification system is our ability

to evflluate whether a stated rule would produce the obtained Judgment pattern.
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A close inspection of Table 4 illustrates this comparison. For example,

no subjecf with a cell a jud:ment pattern described him or herself as

using a c 11 a judgment rule. Our interpretation of this difference would

be ambigu us if these subjects described rules which'would produce a cell

a judgmen pattern on the problem set. However, this was not the case.

Half ofiy ese subjects said they were guessing, an approach which would

yield cell a pattern only 11 percent of the time (i.e., the chance

proObility of producing the pattern). The remaining subjects with cell

a /performance patterns said they were using cell ratios, a strategy, which

would result in a conditional probability judgment pattern. Subjects

showing a versus b patterns also shemed poor insight into rule use, with

11 of 42 classifiable subjects describing themsOve, as using rules which

should produce more errors than they actually showed, and 11 subjects

describing strategies which should have produced more accurate records

than actually obtained. Most of the subjects whose judgment performance

indicated sum of diagonals strategy use described strategies that would

produce conditional probability judgment patterns. Several subjects

described themselves as comparing cells
a
- with a, a strategy which would

mimic a conditional probability strategy on the problem set. However, it

is interesting to note that only one of the subjects who said they were

using cell ratios produced a judgment pattern congruent with their described

rule. As noted earlier. self-report and judgment pattern were congruent for

conditional probability judges. In these cases we are not simply noting

relative agreement between performance and explanation. Our rule diagnostic

problem set also allows us to she- whether subjects' self-reported rules

would have produced their actual performance patterns.
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One possible interpretation of poor agreement between judgment and

explanation might be that subjects shifted rule use at some point in the

problem set. A subject may have judged the initial problems by one

strategy, but changed strategy by the end cf the problem set. This

individual's judgments might yield a classification according to the

initial strategy, but he or she would be accurate in describing use of a

different strategy to solve the last 2roblem. In fact, some of our

subjects said thati, they used more than one rule in response to the model

choice question. This possibility may explain a feW judgment-explanation

discrepancies, but our rule classification system makes it unlikely as a

general account. That is, a subject had to accurately judge at least two

of the three problems of each strategy type to have passed criterion on

that type. The problems wereblocked such that one problem of each strategy

type appeared in each third of the problem sequence. A subject would have

to shift strategy after the eighth problem of the set to have met the

criteria for his or her initial problem solution Itrategy in the juagment-

based classification. Shifts at other points should produce judgment records

that do not conform to any of our strategy patterns. .These subjects would

be labeled "other" and not be included in our method comparisons. In fact,

such nclassifiable subjects were infrequent in this sample (11.22).

ao,

These results show that agreement between different self-report measures

is limited as well. The correlation between subjects' strategy explanation

and model choice was a modest (though significant) .53. Thus, the issue is

not simply one of the validity of self-report of strategy use. Method of

obtaining that self-report affects subjects' responses as well.

These comparisons suggest that self-report may be a weak data-base for

research on covariation judgment. We note, however, that there may be conditions
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under which self-reports would be more accurate. Our subjects described

their strategies after solving a series of problems. Ericsson and Simon

(1980) argue that features of memory and attention might predict that

reports would be erroneous under these conditions. In particular, subjects

must retrieve the relevant information from long term memory in order to

explain their judgment rule. Potential sources of error include problems

in storing or retrieving the information from long term memory and incomplete

reporting of the available information. Ericsson and Simon (1980) argue

that such problems are minimized by gathering self-reports through a

think aloud technique in which subjects verbalize their reasoning as

they solve the problem.

Although alternative techniques may improve self-report accuracy,

our method is most relevant for comparison with past research in this are04

In particular, Smedslund (1963) and Adi and 'colleagues (1978) each asked

subjects to explain their strategies after making several judgments about

event covariations. Our evidenCe suggests that self-report of leis-than-

optimal strategies will be inaccurate under these circumstances.

Considering covariation judgment as a problem in applied mathematics,

our findings also have implications for educational assessment. That is,

self-report may be a poor method for diagnosing the sources of individual

student's errors in applying ratio concepts. Our finding of strategy

classification differences in self-report accuracy are somewhat ironic from

an educational point of view. That is, the students best able to report

their strategies would be those who need help the least. The success of a

program to improve these judgments may well depend on the starting strategy

of the individual involved. Our evidence indicates that student self-report

is unlikely to yield an accurate diagnosis of sources of judgment error.

4 6
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Our subjects do show some insight into the strengths and weaknesses

of their chosen strategies. First, confidence ratings showed that subjects

were less confident of their accuracy on problems where errors were high

than on problems where error rates were low. Secondly, twice as many

subjects selected the conditional probability rule as the best rule as

were classified as using the rule in problem solutions (32 percent vs.

65 percent). One might wonder why subjects would persist in using a rule

they knew was flawed. However, shifting rules requires that subjects be

able to generate a better rule to use. This evidence indicates that subjects

are better at recognizing good rules than at producing those rules on their

Own.

A final consistent finding worth noting is the sex difference in

judgment accuracy and strategy use. This sex difference is nbt surprising

in the light of much past research showing males better than females in

mathematical reasoning beginning in junior high and continuing throughout

adulthood (14accoby & Jacklin, 1974). Since the conditional probability

rule builds so directly on comparisons of two ratios, we might expect sex

differences in this judgment as well. Our method offers the additional

advantage of identifying specific strategies employed by subjects of each

sex. Compared to males, females were especially unlikely to use the

conditional probability rule (19.3 percent vs. 46.3 percent), preferring

the simpler and less accurate a versus b rule (41.9 percent vs. 29.6 percent).

This difference could have several possible sources. One likely source

is simply that the two sexes came to the exp-riment with different training

backgrounds. Other studies have found ma ,tes and females to be substantially

different in participation in math courses by the time they get to college

(Ferlema, 1977; Keeves, 1973; Hall & Shaklee, note 1, National Assessment of
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Education4 Progrees, 1979). Further work would be required to assess the

role of i math training in sex differences in covariation
,

I

judgments.

In ovet\view, our results indicate that subject's self-reports of

covariation udgment rules show limited congruence with actual Stligment

patterns. Self- report was an especially poor method for identifying

sources of inaccuracy in judgment patterns, Such effects of assessment

method offer a\ ready explanation for poor agreement about strategy use

in past studies\of covariation judgment. These results suggest that self-

report measures Are weak bases for drawing conclusions about strategy use.
ti

These problems with self-report in covariation judgment accord well with

other research showing poor correspondence between subjects' judgments

and their explanations about those judgments.

st.

4.'
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Footnotes

Partial support for this research was provided by NIB grant NIE-C-
4

80-0091. Many thanks to Renee Smith for her help in collecting this data.

Reprint requests, should be sent to Harriet Shaklee, Department of Psychology,
. -

University of Iowa, Iowa City, Iowa 52242.

'We had some ,difficulty defining a noncontingent relationship for the

sum-of-diagonals-problems. The problem we included (middle problem, column

3, Table IA) Olviates slightly from independence (P(Ally - P(A11B2) = -.06)

by the conditional-probability rule. As a result we scored responses as

\...-e-"/
correct if subjects concluded that AIIBI was either less likely or just

likely as AllB2. The problem does discrimidate appropriately between the

other judgment rules. Cell-a and a-versus-b judges should say that AlIBI

'is more likely than AllB2, sum-of-diagonal 4

AA
outcomes are equally likely.

1
should say the two
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Table 1

' A) Call irequencies used; for each problem type

Cell a 1 a versus b Sum of Diagonal

dj

, Problems i Problems 'roblems

$1 2
.8

(II) 1
02

(6)
D
I

8
(2) 1

82

Al
.

. 11 2 1 Al
1111

Al

A
2 7 111111A

2

(9)

Al

A2

A,

29

Conditional
Probability
Problems

(8)
B
1

B
2

A
I

A
2

(7)

Al

A
2

000

(5)

Al

A
2

(4)

Al

B

A2

B) Strategy use and resultant patterns of problem accuracy.

(+ A accurate, 0 -. inaccurate)

Subject
Strategy
Type

i

,4

Conditional
Probabilities

Sum of
Diaganala

a versua b

Cell a
..:

S tra tegy 0

Problem. Strategy Type

Cell Sum of Conditional
a a versus b Diagonals Probability

+ + + +

+ + + 0

+ + 0 0

+ 0 0 0

0 0 0 0

\ , 54

04

N

4
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Table 2

Ilk\,Mean udgment Accuracy Per Problem Type

cell a a versus b
sum of

diagonals
conditional
probability

all

types
,ge-0

females 2.81 2.64 1.23 1.00 1.90

males
'
2.96 2.65 1.72 1.43 2.20

all 2.88 2.65 1.47 1.21 2.05
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Table 3

Judgment-based Strategy Classifications

(percentages)

cell a a versus b
sum of

diagonals
conditional
probability other N

males 3.7 29.6 11.1 46.3 9.3 54

females 6.4 41.9 19.3 19.3 12.9 62

ail 5.2 36.2 15.5 31.9 11.2 116

1 56
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cell a

a versus b

sum of
diagonals

conditional
probability

other

all
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Table 4

Frequencies of Strategy Classifications by Judgment-Based

And Strategy Explanation Methods

Strategy Explanation

guess cell a a *s b
sum of

diagonals
conditional
probability

cell
ratios other all

3 0 0 0 0 3 0 6

9 2 13 2 1 8 7 42

3 0 1 1 6 6 1 18

0 0 1 35 I 0 37

2 0 1 0 0 - 10 0 13

17 2 15 4 42 28 8 116
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Table 5

Frequencies of Strategy Classifications by Judgment-Based

And Model Choice Methods

Judgment
Based

cell a

a versus b

fp

sum of
diagonals

conditional
probability

other

guess

0

6

2

2

1

cell a

1

4

2

0

0

a versus b

3

14

2

0

1

Model Choice

sum of
diagonals

1

7

1

3

1

conditional
probability

1

lo

0

31

6

other

0

1

2

1

4

all

6

42

18

37

13

all 11 7 20 13 57 8 116
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Table 6

Frewencies of Strategy Classifications by Model Choice

And Best Strategy Methods

Model Choice

Best sum of conditional
Strategy guess cell a a versus b diagonals probability other all

cell a

a versus b

sum of
diagonals
1

cotdi cional
probability

other

all

0 1 0 1 0 0 2

2 0 4 1 0 0 7

1 2 4 1 1 0 9

6 2 10 4 49 5 76

2 2 2 6 7 3 22

it 7 20 13 57 8 116
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JUDGING RELATIONSHIPS BETWEEN EVE1/1" SURVEY

1--

Please answer each of the following questions to the best of your
ability. Write your responses on the accompanying answer sheet.

1. How much math did you take during grades 9 and 10?

2. Please estimate the quality of your performance in these
courses?

1 2 3 4 5

?cot average. 'nccellett

(Write the number corresponding to your estimate on your
answer sheet for each scale of this type).

3. How much math did you take during grades 11-12?

4. Please estimate the quality of your performance in these
courses:

1 2 3 4 5

poor average excellent

5. Did you ever seek guidance from a high school counselor or
counselors regarding election of math courses?

6. Please indicate the general attitude of any counselors consulted
regarding your election of math courses:

1 2 3 4 5

very neutral 'very

unfavorable . favorable

61



7. Please indicate the amount of influence the counselor's advice
had on your election of math courses:

1 2 3 4

none some influence strong influence

8. How many college mathematics and math-related semesters have
you completed thus far?

9. Please estimate the quality of your performance in these
courses:

1 2 3 4 5

poor average excellent

10. Have you sought guidance from your college advisor regarding
your election of math courses?

11. Please indicate the attitude of your advisor toward your electing
math courses:

1

-

very
unfavorable

2 3 4 5

neutral very
favorable

12. Please indicate the amount of influence your advisor's recommen-
dations had on your election of math courses:

1 2 3 4 5

none some influence strong influence

13. How many math and math-related courses do you expect to take in
the future?

14. Please indicate the amount of interest mathematics holds for you

1 2 3 4 5

boring neutral interesting

64;
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15. Please estimate the usefulness of mathematical knowledge to
your future career:

2 3 4 5

not at all maybe extremely
useful useful useful

16. How many semesters of logic have you taken?

17. How many semesters of statistics or probability have you taken?

18. What is your major course of study?

19. How favorable is your mother's attitude toward your pursuing
a college education?

2 3 4 5

very
unfavorable

neutral very
favorable

20. How favorable is your father's attitude toward.your pursuing
a college education?

1 2 3 4 5

very
unfavorable

neutral

Thank you very much for your cooperative participation.

63
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Table 1

Correlation coefficients and
number of observations (in parentheses)

for Questionnaire data

ACC

STRAT

MATH

.16

(186)

.04

(161)

ACC

.91***

(161)

STRAT ACT-Q ACT-C INTRST USE AE471.

ACT-Q .J7*** .18 .15

(186) (186) (161)

ACT-C .28*** .17 .16 .81***

(186) (186) (161) (186)

INTRST .41*** .15 .12 .35*** .24**

(186) (186) (161) (186) (186)

USE .43*** .22 .20 .23** .22* .53 * **

(186) (186) (161) (186) (186) (186)

ABU .32*** .09 .03 .39*** .33** .58*** .34 **

(104) (104) (90) (104) (104) (104) (186)

ATT .28 .12 .04 .27 .15 .32* .21 .24

(54) (54) (51) (54) (54) (54) 04) (37)

* < .01
** < . 001

*** 2 < .0001

MATH: Math background
ACC: Accuracy on cvvariation judgment problems
STRAT: Covariation judgment strategy
ACT-Q: Quantitative score on ACT exam
ACT-C: Combined score on ACT exam
INTRST: Interest in mathematics

' USE: Usefulness of mathematics
ABM: Self-rated math ability
ATT: Counsdlor's attitude toward math

6-i



Eliciting Systematic Rule Use in Coordination Judgment

Harriet Shaklee and Donald Paszek

University of Iowa

4r

Running head: Covariation Judgment

Partial support for this research was provided by :CIE grant NIE-G-80-0091.

Many thanks to Ernest Jones, Renee Smith, Rick Taffe and Janet Liness for their

help with data collection. Reprint requests should be sent co Harriet Maklee,

Department of Psychology, University of Iowa, Iowa City,,Iowa 62242.



Covariation Judgment

Abstract

Related research suggests that children may show some simple undelbtanding of

event covariations by the early elementary school years. The present experiments

use a rule analysis methodology to investigate covariation judgments of children

in this age range. In Experiment 1, children in second, third and fourth

grade judged covariations on 12 different covariation problems. Children's

performance patterns on the problem set showed an increase in the use of

systematic judgment strategies in this age range. Systematic rule users most

commonly compared contingency table cells a and b in judging the event covariations.

In Experiment 2, a training paradigm was employed to investigate possible

origins of systematic rule use. First and second grade unsystematic, strategy

0 and cell-a children were either directed to attend to cells a and b (Attention

only), were additionally offered explicit instructions to note wnich of the-
9

'two cells had more events (Attention-plus-more) or were given no training

(control). Posttest performance showed that the Attention-plus-more condition

was the only treatment to reliably elicit a-versus-b rule use. It is concluded

that simple covariation judgment rules can be used by children in the early

elementary.school veers.



Covariation Judgment

2

Covariation Judgment: Systematic Rule Use in the Early Years

Interest in children's causal reasoning has burgeoned in recent years

(e.g., Siegler, 1976; Bullock, Gelman & Baillargeon,
N
1982). A number of

theorist$ have suggested that identification of Causeeffect relationships is

grounded in covariation judgment (e.g., Inhelder & Piaget,- '1958; Kelley, 1972).

That is, people search for causes of events by finding event covariates. In

fact, a few investigations indicate that children understand this link from an

early age. For example, DiVitto and McArthur (1978) found that children as

young as first grade use summarized covariation information in explaining people's

behavior. Siegler and Liebert (1975), however, found that children were not

influenced by event covariation until 8 or 9 years of age in their study of

-'children's explanations of physical events. Evidence of the earliest use of

event covariation in causal reasoning is provided by Shultz nd Mendelson (1975),

who found that 3 and 4 year old children showed a preference I%.(t.r.scovariates

when choosing causes of events.' Although the age trends differ in these studies,

they concur in suggesting that 'preference for consistent covariates is an early

developing pattern in children's explanations of events.

Given this evidence, understanding development in covariation judgment

would A:Critical to understanding children's causal reasoning. However,

investigationsestigations of children's abilities to make covariation judgments are rare

indeed. Those few studies which do exist show a degree of consensus on how

children might judge event relationships (Inhelder & Piaget, 1958; Adi, Karplus,

Lawson & Pulos, 1978; Shaklee & Mims. 1981). In the basic paradigm investigators

offered subjects information on the frequency of cooccurrence of alternative

event states of twc potentially related variables (for example, plants ba'thy

or not healthy; plant food present or absent).. Subjects were asked to identify

the direction and/or strength of the relationship Intween the events. In each
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experiment, subjects' covariation judgments and/or explanations of tht

judgmerks led the investigators to identify systematic but inaccurate rules

which were precursors to the use of more mathematically sophisticated rules.

Inhelder and Piaget (1958) proposed two simple rules of covariatiOn

judgment. In the first; an Individual would judge a relationship according to

the frequency with.which target event states cooccur (e.g., healthy plants

which are given plant food in the example above, cell a of a traditionally

labeled contingency table. See Table 1). A subject using this strategy would

Insert Table I here

identify a positive relationship between events if the cell a frequency were

the largeist of the contingency table cells, and a negative relationship if it

were the smallest (cell-a strategy). Inhelder and Piaget (1958) identified

this strategy as COMMA among younger adolescents. Smedslund (1963) and

Nisbett and Ross (1980) thought the strategy might typify adult reasoning as well.

Also proposed by Inhelder and Piaget (1958) was a second simple approach

comparing the number of times the target o..tcome occurs with the supposed

cause (or covariate) with the number of times it occurs without that cause

(for example, healthy plants with plant food vs. healthy plants without plant

food). This would compare contingency table cells a and b (strategy a- -versus -b).

This strategy was identified by Inhelder and Piaget (1958) as typical of

young adolescents and'Mas found by other investigators to be common among high

school subjects as well (Adi, Karplus, Lawson and Pulos, 1978).
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inhelder and Piaget (1958) proposed a third strategy as characteristic

of formal operational thinking. That is, subjects would compare frequencies

of events confirming (cells a and d) and disconfirming (cells b and c) e

relationship of a particular direction. This rule would compare the sums of

diagonal cells in the contingency table (sum of diagonals strategy).

Finally, Jenkins andiWard (1965) propose that covariation is most accurately

assessed by comparing the conditional probabilities of an event occurring

given each of the alternative states of the other variable (e.g., plant health/plant

food vs. plant health/no plant food). This would compare the frequency ratio

a

E b d
in contingency table cells

g7 7
with that in cells (conditional probability

strategy;.

This analysis of possible rules may allow diagnosis of strategies actually

employed by children of various ages. That is, different rules should pr-duce

different judgments on carefully constructed covarir.tion problems. A set of

) such problems is illustrated in Tables 2A and 2b. Solution accuracy is indexed

r Insert Tables 2a and 2b here

by the direction of the judged relationship (i.e. AI more likely given B1, B2,

or 'no difference). Problems are structured hierarchically such that cell-a

problems are correctly solved by all strategies, a-versus-b problems are

accurately solved by all strategies except cell-a. Sum-of-diagonals problems

are accurately ;.edged by sum-of-diagonals and conditional probability strategies

and conditiona lability problems are accurately judged by the conditional

probability rul one (see Table 3). The probability of matching these
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Insert Table 3 here

judgment patterns by chance alone is .11 for cell -a, .04 for a-versu ', .01

for sum of diagonals, and .005 for the conditional probability pattern.

Shaklee and Mims 0981) used this rule diagnostic approach to study

covariation judgment strategies used by subjects from 4th grade through college

age. Subjects' judgment patterns in that age span showed a strong developmental

trend, with the a-versus-b strategy evidenced by substantial numbers of subjects

beginning in the fourth grade (29%), and sum of diagonals the modal strategy at

7th and 10th grade (50% of subjects). Conditional probability patterns were

produced by meny subjects at the 10th grade (27%) but were still used by a

minority of subjects even in the college years (38%). Thus, this evidence

supports previous investigators' sugges,ions that children may use simpler,

less accurate rules as precursors to mature reasoning, However, these results

deviated from previous conclusions in two notable ways. First, the commonly

proposed cell-a judgment pattern was rare among subjects at any of the ages,

tested (0-8%). In addition, the level of mature reasoning most often fell short

of the optimal judgment strategy.

These results further contrast ith findings in the causal reasoning

research where use of covariation informatior. was seen in causal judgment

anywhere from preschlol to 8 -9 years of age. Shaklee and Mims (19141), on

the other hand, fiLd that nearly half of fourth graders showed no systematic

bases of covariation judgment. A look at the causal reasoning research indicates

that these studies offered cnildren a relatively easy task of covariation judgment.

DiVitto and McArthur (1978), for example, summarized _he covariation information

for the subjects, allowing children to use the information in causal judgment

when they might not be able to derive Chet information for themselves.

7
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In the remaining studies (Shultz 4 Mendelson, 1975; Siegler & Liebert, 1975),

the target event and its possible causes were either perfectly contingent

or completely independent. Studies of covariation judgb.Int, on the other hand,

commonly ask for judgments about less-than-perfect relationships. This analysis

would indicate that young children may evidence a vkry simple understanding of

covariation which does not hold up well when judging relationships of intermediate

strength.

A final related paradigm must also be considered in understanding Ihildren's

covariation judgment. That is one commonly employed test of probability

judgment is one in which a child is shown two piles of marbles composed of

different proportions of marbles of two colors. The subject is asked to

indicate the pile horn which he or sn. would rather make a blind choice in

order to obtain the marble of a particular color. The judgment is formally

comparable to a covariation judgment, where a subject decides if a given outcome

is more likely under condition Al or A2. Siegler's (1981) rule analysis of

children's performance in this paradigm shows systematic rule use by a narrow

majority of 5 year olds with most of those children using a rule comparable to

the a-versus-b rule in covariation judgment research. By 8-9 years of -age

a substantial majority of children were using systematic judgment rules,

with a comparison of conditional probabilities the modal response pattern in

Experiment I, a-versus-h the dominantly used rule in Experiment 2. Each

experimnt found a comparison of conditional probabilities to be the most

common rule among 12 year olds and adults.

Thus, in contrast to covariation judgment research, Siegler found that systematic

rule use in a related judgment occurs at an earlier age, culminating in use of the

optimal rule by early adolescence. Siegler's (1980 findings may suggest that Shaklee
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and Mims (1981) provide a conservative estimate of children's acquisition of

systematic bases of covariation judgment. Causal reasoning research also

indicates that some simple understanding of event covariation may be seen by

the early elementary school years. Possible resolution of these differences

may begin with a careful look at the covariation judgment paradigm. The reliable

strategy use evidenced by older subjects clearly indicates that they understood

the experimental stimuli and procedures. However, among the fourth grade

sample, 25% of the subjects produced unclassifiable response patterns,'and

an additional 21Z passed no strategy criteria at all. This tib' r, e of;

unsystematic responses may indicate that a substantial group of these childt,en
/

were confused by the paradigm and thus, unable to demonstrate systematic: rules

which may be in their repertoires. If this were the case, a simplified approach

should be developed to test these younger subjects.

We address the question of early covariation judgment in two ways.

Experiment 1 employs a simplified paradigm to examine the development of

covariation judgment rule use among young elementary school children. Once

these normative trends are establisFed our second study investigates sources of this

shift to systematic rule use, In Experiment 2, we test information components which

may be sufficient to elicit re.,iable rule use among young children.

Experiment 1

4implItication of our previous experimental procedure was accomplished in

two major ways, First, wP sere concerned that younger subjects might not

understand the stimuli represented in the 2 x 2 table. As a result, a new

introduction expanded the discussion of the contents of the table, e,-King the

subject t) point to examples of each of the four possible combinations of

event states in the table.

Secondly, we suspected that our previous question format might be overly

c)mpl,-!:x the younger children. The previous question asked (ln the 03nt

f.,od example d!scussed above) .
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When they got special food, plants were

a) more likely to be healthy than

b) just as likely to be healthy as

c) less likely to t healthy than

when they didn't get special food.

A reformulated question offered simpler syntax:

Plants were more likely to get better if

a) they got the special food

b) they did not get the special food

c) no difference

We expected that this simplified question would be more appropriate

to the language competeneies of younger subjects. Experiment 1 also included

two different problem sets in anticipation of our needs in the subsequent study.

Method

Subjects

Subjects in the experiment were respondents to an advertisement in a small

town newspaper offering,,payment to second, third and fourth grade children for

participating in a psychology experiment. The resultant sample included 37 second

graders, 18 third graders, and 17 fourth graders.

Problems

*Subjects judged one of two sets of 12 covariation problems, each structured to

produce a distinctive pattern of solution accuracy by each of the four proposed judgment

rules. In one set of problems, cell frequencies totaled 36 for each problem (set 24),

in the other set, cell frequencies totaled 36 for each problem (set 36). Except for

these frequency differences, the two problem sets were( identical in other respects.

Tables 2a add 2b show the actual problem frequencies used for the problems in each of

the two sets. The 12 problems in each =et included three problems for each of the four

sLrategy types. One noncontingent (middle row Tables 2a and 2b) and two contingent

relationships (top and bottom rows Tables 2a and 2b, P(A1!131) P(A1182) = (.40 to .50)
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were included for each problem strategy type. Table 3 shows the pattern of solution

accuracy congruent with each of the proposed rules.

Each problem was set in a concrete context of two everyday events which

may or may not bt related. Each individual event pairing was illustrated with

a small picture showing the state of the two variables (e.g., plant sick or

healthy/plant food present or absent). Three problems pictured bakery products

which either rose or fell in association with the presence or absence of

yeast, baking powder, or a "special ingredient". In three other problems,

plants were pictured as healthy or sick as a possible function of the presence

or absence of plant food, bug spray, or a "special medicine". In three problems

people or animals werXictured as sick or healthy as a possible

function of the presence or absence of a shot, liquid medicine, or a pill. The

three remaining problems pictured a possible association between space

creatures appearing happy:or sad'in the presence or absence of one of three

weather conditions (snow, fog, or sunshine}.

For each problem, data instances were organized in a 2 x 2 table. In

each case, the manipulated factor (or environmental event), defined the table

columns (e.g., plant food, no plant food in example below), and the outcomes

defined the table rows (e.g., plants healthy, not healthy in the example

below). Each problem was introduced with a paragraph describing a context in

which several observations were made on two potentially related variables.

Subjects were asked to look at the pictured information and to identify the

relative likelihood of one of the events when the second event was either

present or absent. An example problem follows:
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A plant grower had a bunch of sick plants. He gave some of them special

plant food, but some plants didn't get special food. SOMA of the ;:ants

got better but some of them didn't. In the picture you will see how many

times these things happened together. The picture shows that the plants

were more likely to get better if:

A. they got the special food.

B. they did not get the special food.

C. no difference (they were just as likely Co get better with food

as without the food).

The 12 problems were grouped into problem blocks, including one problem

from each strategy type. Problems within each block were arranged in a single

random sequence. The three problem blocks were sequenced in a single random

order. Numbers in parentheses to the left of the problems in Tables 2a and 2b

indicate the position of each problem in the problem sequence.

Procedure

Each subject was tested individually. Introductory instructions introduced

the subject to the concept of covariation in the context of "things that go

together". Naturally occurring examples were given of positive relationships

(i.e., tall people are more likely to be heavy than short people), negative

relationships (i.e., it is less likely to rain when it is sunny than when it

is cloudy), and unrelated events (i.e., a green truck is just as likely to run

out of gas as a red truck). Subjects were told that they would be given some

problems about hypothetical events Wet may or may not tend to go together.

Two sample problems were used to clarify the information in the 2 x 2 table.

The first sample problem was read to the subject. The subject was told that
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pictures in the cells showed the occurrence or nonoccurrence of the two events

in the story. The experimenter then pointed out that each cell represented a

different combination of the twopossible events and stated what these were.

The subject was asked to point to cells corresponding to specific combinations

of events given by the experimenter. The experimenter explained that each

picture in the cells represented one occurrence of a particular combination

of events, so that the number of pictures in each cell represented the number

of times that combination occurred. The experimenter then read .he covariation

question to the subject and asked him or her to answer it based on the events

pictured in the table. It was emphasized that subjects should answer the

questions based on what Lad occurred in each story problem and should avoid

basing answers on knowledge of common everyday occurrences (for example,

that it is more likely to snow when it is cold, regardless of cell frequencies)

Each subject gave a solution to the problem and repiated the procedure on

the second sample problem. Subjects were encouraged to ask any questions

they might have about the task.

The subject then proceeded to the 12 problem set. Each of the problems

in the set were read to the subject by the experimenter. Subjects were allowed

to answer the problems at their own pace.

Results

Our main interest in this study was to establish trends in strategy

use among these younger subjects. As a result, the analyses in this study use

subject strategy classification as the dependenevariable of interest.

Subjects were classified for strategy use according to the method illustrated

in Table 3. A subject was said to have "passed" a given problem type if he or

she was accurate on two or more of the three problems of a giyen problem type.
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A subject who met this criterion on all problem Eypes would be classified as

a conditional probability rule user, subjects who passed criteria on all types

except the conditional probability problems were labeled sum-of-diagonals

judges. A-versus-b judges should pass the cell-a and a-versus-b problems,

but not the other problem types, cell-a rule users should pass criterion on

cell-a problems alone. Subjects who passed no problem types were labeled

Strategy 0; all other judgment patterns were categorized as unclassifiable.

Table 4 shows the rule classifications of subjects in each of the three grades.

Insert Table 4 here

The modal classification at each of the grades was a-- versus --b, with very few

subjects showing evidence of use of more sophisticated rules and a few subjects

at each grade with cell-a rule judgment patterns. Many subjects in the second

and third grades made judgments that were not classifiable by any of our rules.

Effects of grade level and problem set were examined by assigning subjects a

score according to the number of problem type criteria passed. Thus, Strategy

0 subjects were assigned a score of 0, conditional probability subjects a

score of 4. Unclassifiable subjects could not be clearly ranked in this way

and were excluded from these analyses. Data from the remaining subjects were

analyzed in an analysis of variance with subject's grade (2, 3, or 4) and

problem set (24 or 36) as factors. These analyses showed a significant effect

of grade, F (2,51) = 3.30, p < .05, with third and fourth graders similar to

each other, and classified as using more advanced rules than the 2nd graders

(Duncan's multiple range test, p < .00. Problem set effects were not significant.

7
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Discussion

Related research in causal reasoning and probability judgment indicated that

children might show some simple understanding of event covariation by early ele.reotar/

school. This experiment found that a majority of children do show systematic rule use

im covariation judgment by the second grade. Significant age t'ends also show an

increase in systematic rule use with age in the second to fourth grade age span. Rule

categorizations in this age range show a substantial decline in unclassifiable,and

Strategy 0 subjects with increasing age and an increase in a-versus-b rule use

However, use of more advanced rules was rare at all ages tosted.

Comparison with Shaklee and Mims (11)81) indicates that subjects did indeed

show earlier competencies,with our revised procedure. Nearly all fourth graders

were classifiable by one of our proposed rules in the present experiment and

a majority of children showed systematic rule use in the second and third grades.

Overwhelmingly, these children were classified as using the a-versus-b rule. The

low frequency of more sophisticated strategies is comparable to that seen in

our prior research. Also, similar to our past results is the low rate of

usage of the cell-a strategy. This is especially interesting, given that it is

tie most common of the proposed judgment strategies and was even said to be

the modal strategy among adults (Smedslund, 1963; Nisbett & Ross, 1981).

Our evidence finds this strategy to be rare among children as young as second grade.

These results would indicate that our prior procedures may have been

unnecessarily confusing to you...ger subjects. Our prior and present procedures

were not systematically Compared in this paradigm, nor did we compare aspects

of the changed procedure (e.g., instruction vs. question format) in a factorial

design. As a result, we can offer little information about what aspects of

the prior procedure may have been a problem. .However, it is clear that we

have developed a procedure suitable for use with young children. These findings
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indicate that childl'en as young as second grade use simple but systematic rules

in judging event relatio,,,-hips.

Age trends in this paradigm show origins_of rule use in covariation

judgment at age levels comparable to that of researchers in causal and probabilistic

reasoning. However, in one respect, these results differ from Siegler's

(1981) data on children's probability judgments. In those experiments, substantial

numbers of cilildren used the conditional probability rule by 8-9 years. In

fact, a comparison of conditional probabilities was the modal response pattern in this

age group in one of his experiments. In contrast, none of the subjects in

this experiment was classified as using the conditional probability rule and only a

few used the sum of diagonals rule. Our past research (Shaklee & Tucker,

1979; Shaklee & ?Was, 1982) found the conditional probability rule to be used

by only a minority of subjects even at adulthood. Thus, comparability between

these paradigms in terms of early rule use is not matched by performance

similarity in the later years. Expressing a judgment in terms of marbles in

piles elicits more advanced rule use than a question asking for a comparable

decision in terms of covariations between potentially related events. One

difference may be that our problems are set in contexts of vents that are

readily interpreted as causally related. Adi and colleagues (1978) found tt

subjects used simpler, less accurate rules fn evaluating cause-effect relationships

than in making covariation judgments on analogous problems. Evidence such

as this may indicate that covariation judgment in a causal context lags behind

the same judgment about non-causal relationships.

Our evidence of systematic rule use at an early age is intriguing, but

equivalentl., interesting are the unsystematic judgments of so many age peers.

That is, at second and third grades a majority of children are classified by

one of our rules (59:.; and blZ respectively), but a substantial minority in
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each grade produce unsystematic judgment patterns (19% and 39% respectively)

or pass no problem type criteria (Strategy 0 = 22% of second graders).

Inspection of individual subjects' judgment patterns failed to identify any alternative

strategic bases of these responses. Thus some children are unsystematic in

rule use at the same age as other children begin to show use of simple

judgment strategies. What did these rule users know that allowed them to judge

the problems in a systematic fashion? Several factors may differentiate these

rule users from their unsystematic age peers.

One possibility may be that unsystematic subjects are not using the tabled

frequencies at all, but rather are judging the event covariations on the basis

of their prior expectations about the event relationships. For example, such

children may decide that plantoare more likely to be he by w n they get

plant food based on their real world experience, regard]." of the event

frequencies in the problems they are asked to judge. Ou instructions already

caution subjects against making expectancy-based judgments but those instructions

may be readily forgotten as the subject solves the pr ems.

Expectancy-based judgments may be a source of unclassifiable response

patterns, but what leads others of these young subjects to adopt an a-versus-b rule?

We suspected that the judgment question itself may direct children's attention

to cefls a and b of the contingency table. Asked if plants are more likely to

be healthy when they get plant food or when they do not get plant food, a

subject may look at these two event conjunctions (i.e., healthy plants-plant food,

healthy plants-no plant food). A subjects must also attend to the comparative

aspect of the question in order to employ the a-versus-b rule. Mastery of either

...Itention direction or comparative aspects of the judgment or both) may be

key competencles underlying the shift to a-versus-b rule use at these early

ages.

b
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These are plausible sources of development in covariation judgment, but

their roles in the origins of systematic rule use have yet to be demonstrated.

An approach often employed to model a naturally occurring developmental trend

is a training paradigm. That is one might identify a training program which

teaches non-rule users the knowledge said to differentiate those subjects from

rule-based age peers. Contents of a successful training procedure identify.at

least one sufficient model to account for the natural transition to systematic

rule use.

Experiment 2

We propose to use this training strategy'in Experiment 2 to investigate the

origins of systematio rule use in judging event covariati9n. Results of

Experiment I indicated that reliable rule use was already becoming common In the

secold grade sample. Thus, Experiment 2 was an attempt to train first and second

grade-children to use the a-versus-b rule. We chose not to train children in use

of the cell-a rule since it so rarely occurred naturally.

If young children's judgments are unsystematic because they are expectation-based,

this problem would best be treated by drawing children's attention to the

frequency information in the tables. Thus, one training procedure directed

children's attention to the frequencies involved in the a-versus-b rule, i.e.,

cells a and b. This was the reasoning behind the Attention-only condition, where,

on a set of 6 training problems, the experimenter asked the subject to point

to the event combinations specifically mentioned in the question and to count

the number of cases in each of the two cells. Subjects then made their covariation

judgment.

As suggested previously, a subject may also fail to use the a-versus-b

rule because he or she misses the comparative aspect of the question i.e., which is

more Ii e3y. A second group of subjects were given the Attention instructions on

the training problems and, in addltion, were specifically asked which of the v.°

8i



Covariation Judgment

17

cells had more cases in it. Subjects then made their covariation judgments. This

'group is the Attention-plus-more training group.

A final group is a no- training control group, who judged the same i
;

problems but were given_no special instructions.r.

All subjects were pretested to establish initial rule use. Unclassifiaole,

,4
Strategy 0 and cell-a judges were inclilded in the paradigm. Subjects were

randomly assigned to one of the three conditiOns. Training effectl wereineasured

in a posttest given about a week; after the training session. In view of their

comparability in Experiment 1,problem set 24 andser<S6 Were problems in this

experiment.

Method

Subjects,

Subjects were respondents to ads in a small tiwn newspaper offering first

and second graders payment for participation in a bsychology experiment. Forty-

nine subjects participated in the pretest session of the experiment.; However,

13 subjects were dropped from the experiment because their pretest strategy

indicate at they were already using the a-vdrsus-b (9 subjects) or c more

advanced strategy.(3 sum-of-diagonals subjects, 1 conditional - probability

subject). The remaining 36 subjects (18 males and 18 females) included 13

7

unclassifiable, 17 Strategy 0, and 6 cell-a subjects. Mean age of these

subjects vas 7 years-6 months (range 6 years-10 months to 8 years -0 months).

pretest

Problems and instructions on the pretest were identical to th9se described

in Experiment L. Half of the subjects were.given problem set 24 for the

pretest and set 36 for posttest, the remaining subjects were Ten the problem

sets in the reverse sequence.

brace the problem set was completed, the experilienter determined the

subject's judgment strategy in the manner described in Experiment 1.
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Traineng,

Six new problems were develope! for training. These problems used cell

freque-ties and contents which were different from those ueed in the two test

sets. Subjects classified as cell-a, Strategy 0, or unclassifiable were

randomly assignee to one of three training conditions (12 subjects per condition).

Attention-Only. This training was designed to direct subject's attention

to the two event pairings specifically mentioned in the question (i.e., cells

a and b). Verbatim instructions for this condition were as fellows (portions

were re-phrased if necessary):

In doing these problems, you may have had a certain way of deciding which

answer you thought was right. For example, you may have thought that

certain boxes and the pictures in them were important and other boxes
4

were not important in answering the question. Or you may have compared

certain boxes with eace other. If one thing happened more than another

thing, it may have been more likely to happen. Now we are going to see

if there eight be another way to solve these problems that may be better

than the way you used. We will try to decide which boxes and the pictures

in th.e are important in deciding which answer is right. I want you to

think hare nl,,w about a good way to answer these problems. I'll ask you

some ques.,:on.. to help figure out a way to decide what answer is right.

(The first problem and question were read to the child.)

If we wanted to decide which answer is right, it is important to look at

each answer and find good examples or pictures that me-, show that thing

happening. For example, let us suppose we wanted to see if answer A

might be the right auswer. .:nrwer A 3lys (e.a., the bugs a.e more likely

Lo cra I on the leaves when it is sunny ouc). Could you show me which

hr.% or pictures are good examples of that? Teich pictures show where the
.

(bugs crawl on the leaves when it is sunny c-ut)?

,r.
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(Subjects should point to cell a, and were corrected if they did not.

When subjects did point to cell a:)

Right. Can you tell me why? So these pictures show the (bugs crawling

on the leaves when it is sunny out). This is an important box to look at

in deciding if answer A is right. And how many times did that happen?

So there are good examples of answer A.

(The experimenter also pointed to other cells, asked or pointed out why

they were not good examples.)

Now let us look at answer B, because that could also be the right answer.

(The same procedure was repeated. Subjects should point to cell b. The

experimenter selected answer A and answer B to be discussed first with

approximately equal frequencies. The discussion was then summarized.)

Okay, so that L'ins that if we wanted to see if (question wi.th answer A

is read) ttgs box (cell a) and the picture: ,n it would be important to

look at. Pnd we see that it happened times. If we wanted to see

if (question with answer B is read) this box (cell b) and the pictures in

it would be important to leak at. And we see that this happened

time.. It is also possible that answer C is correct, that it didn't make

any difference (if it was sunny or not, the bugs were just as likely to

crawl on the leaves)

The covariation judgment question was then read to the subject and he or

she made a response.

Attention -blue- snore. This training conaition was designed to emphasize

t' comparative aspect of the question, i.e., which outcome was more likely? The training

builds on the Attention-only training described earlier. Subjects in this condition

heard a:: of the instructions in the Attention-only training, and were then

asked to make -1 ,.rect cot. .prison of cell a and cell b frequencies ("Which of

8.4
!"
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these two things happened more?"). The experimenter then read the

covariation judgment question to the subject and he ,r she made a response.

Control. Subjects in this condition judged the same problems as subjects

in the other groups, but were offered I:, training instructions.

In each training condition, the procedure described was repeated on the

six training problems. Feedback (positive or negati4e) was not provided

following the subject's answers to the cyvariation judgment question.

Posttest

Subject fatigue prevented an immediate posttest of training effects.

However, all subjects did return approximately one week later for a delayed

posttest. This posttest was administered Py a second experimenter who weA

blind to the training condition of the subject. TI.e experimenter first

reviewed the stimulus materials and problem format by presenting one of the

sample problems used in session I. Following this, the second problem set was

administered in the same manner as in session 1. SWI)eots were tested on

the problem set (24 or 36) not judged in the pretest session. Following

completion of the problem set, subjects were told the purpose of the experiment

and its potential relevance to everyday causal reasoning.

Results

The first i.ndlcation of the relative success of the training methods

was children's performance on the 6 training problems. Subjects responded in

the manner predicted by the a-versus-b rule on 43.1Z of the problems in the

cont-vA. grLup, 72.2: of the problems in the Attention-only group, and

tr..' of tne problems to the Attention-plus-more group. An overall analysis

of variatv.:e ::id:.: tea these differences to be re' *able, F (2.33) t= 18.81,

p .001. Pa:.r...:15.1 comporisona indicate treat each training group is s)gnificant1y

dtff,?reat tr)m ei,n of the other greJups (Duncan's multinle range test, p, Os).
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Effect3 of the training procedure are most clearly assessed by comparison

of the posttest performance of subjects in t: training and courol conditions.

These effects will be analyzed both in terms of the accuracy of subjects on

the various problem types and in terms of their posttest strategy classifications.

For each subject, posttest ;,Agment accuracy was assessed in terms of the

percentage of correct judgments for each of the 4 problem types. These data

were ,:naly,ed in an analysis of variance including problem tyre (4 levels) and

subject's training condition (3 levels) as factors. This analysis indicated a significant

main effect of problem type, F (3,99) = 1:.22,p < .001, and a significant

interaction between problem type and training condition, F (6,99) = 5.78, p c.001.

As the means indicate in Table 5, Attention-plus-more subjects were

Insert Table 5 here

substantially more accurate on cell-a and a-versus-b problems than on sum of

diagonals and conditional probability problems. Attention only and control subjects'

performance were similarly poor across problem types. The maAn effect of

training condition was not significant.

Pretest and posttest strategy classifications were compared for each

subject to note training effeet-1. Judgment was said to have improved if a

subject was classified as using the a-versus-b, sum of diagonals, or conditional

strategy at posttest. idble 6 indicates the frequencies of improvement

Insert T :bleb her.=.

5oujec. m o t ie itree training c3ndt.Inr',. In
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An nveral1 A2 shows these training effects to be significantly different

between conditions tvl - 11.02, df = 2, 2 < .01). As indicated in the table.

rates of improvement were at similarly low levels (25;:) in the control and

attention -only conditions compared with substantial rates of improvement (8r)

among Act.mtion-plus-more subjects.

Discussion

These results offer clear evidence of the differential effectiveness of

our various training conditions. First, spontaneous improvement from test

cc retest was rare among subjects in the control condition. This would

suggest that these yovng subject's problems were not simply lack of familiarity

with the problems.

Improvement races were equally low in the Attention-only condition. This

null e* ct indicates that simply directing attention to cells a and b is not

sufficient to elicit a-versus-b rule use among these children. The failure of

Attention -only instructions may imply that subjects at this age already know

how to find the cells mentioned in the question. If this were the case

control and Attention-only subjects would be essentially equivalent in knowledge

state at posttest. One would also expect that the Attention-only training wt:

be sufficient to evercome any tendency to make expectation-based judgments.

That ;3. ehitdrtn's attention was repeatedly directed to the info:mation in

cells. Liieed, the children's Improved performance on the training

?rocLem, su.)?ists the training was successful in eli0-tine frequency-based

t: f - ...ere net maintained at the posttest one

an )t 1 one alternative interpretation.

ml.-have ,)xmply i.efft.tLttve

;: i; . 1!1 h31/0 hocri s$ _clent r, ellc it
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However, the Attention-plus-more training did result in reliable improvement

at the ttest. This finding indicates that the comparative aspect of the

judgment may be a key obstacle to natural use of this simple rule by young

subjects. Although they may know that two cells of the table are relevant,

apparently subjects this young cannot spontaneously derive a way to-combine

that information to make a single judgment. Our training in the "more" rule

apparently offers them that information. Since this training builds on the

information offered in the Attention-only condition, this effect may hinge on

the combfned influence of the attention direction and comparative aspects of

the question. 6nfortunately a "More-only" condition is logically impossible.

One cannot talk about comparing cells without designating which cells are to be

compared. The fact that these training effects helm over a one week delay

period indicates the reliability of knowledge the children'acquired.

Finally, it is worth noting the specificity of our training effects: That

is, all children who improved in strategy use showed use of the a-versus-b

strategy. This aspect of the results indicates that subjects were not simply

learning to be systematic in judgment bases. Rather, they acquired one

specific judgment rule. On this problem set, use of the a-versus-b rule did

not lead to an overall improvement in judgment accuracy. This is by design

of the problem set. That is, a-versus-b judges should be correct on cell-a

e:A a-versus -b problems but incorrect on the sum o2 diagonals and conditional

problems. Thus, the successful Attention-plus-more training actually results

in worse pertotmance of hal( of the problems compared to the other two ccfiditions.

Tt.e.;.: training effect; offer °tit:- suffilent model of the natural procts

)I .1.1"::-.11,f n-vecswi,-b rule. That is, ;subject-. whf.,se attention was

hreCt.41! II, a on6 who werP inscruLced to compare the two ce1:5

8
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showed a-versus-b rule use. Thus, these two knowledge components may be the

source of children's natural shifts to a-versus-b rule use. Of course, a

sufficient process is not always a necessary one. That is, children may

spontaneously discover the rule through yet another sufficient process.

These training effects may also be appreciated in a broader context.

That is, research in causal reasoning indicates that some simple understanding of

event covariation may begin in early elementary school (Shultz & Mendelson

1975; Siegler & Liebert, 1974). Siegler's (1981) work in probability judgment,

shows similar age trends in children's use of simple rules in comparing

probabilities. This evidence indicates that these competencies may be shown

at an even earlier age with a brief training procedure. It may be interesting

to see if these improveme!zs in covariation judgment would influence children's

causal reasoning as well. This may be a domain in which to test children's

ability to apply statistical concepts appropriately to related juigments.

Whether children could learn to use a more complex rule with appropriate

training is a question for future research. However, the level of math

involved in our other rules may preclude their use in early elementary school.

The sum of diagonals rule requires a comparison of two sums, the conditional

probability rule compares two ratios. These advanced arithmetic competencies

are Likely to be outside of the capacity of such young children.

In overview', these two studies offer new information about covariation

judgment in the early elementary school years. That is, many children

spontaneously show use of the a- versus -b rule as early as second grade.

Children as young as first grade can be taught to use this simple rule if

,,Iffered the relevant Information. Ilus training evidence of:ers one -01f::!xic,1-.

of the natural acquigition of a simple rule judging

between evenr,;..
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Footnote

IWe had some difficulty defining a n:-contingent relationship for the

sum of diagonals problems. The probi.m we included (middle problem, column

3, Tables 2a and 2b) deviates slightly from independence MAI/B1) -

P(AI/B2) -.06, set 24, -,03 set 36) by the conditional probability rule.

As a result we scored responses as correct if subjects concluded that Al/B1

wa- either less likely or just as likely as Al/B2. The problem does discriminate

appropriately between the ocher judgment rules. Cell-a and a-versus-b judges

should say that Al/B1 is more likely than Al/B2, sum of diagonal judges should

say the two outcomes are equally likely.
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Table 3

Strategy Classification Criteria

Strategy use and resultant patterns of problem accuracy.

(+ = accurate, 0 = inaccurate)

Problem Strategy Type

Cell Sum of Conditional

a a versus b Diagonals. Probability

Conditional
Probability

Sum of
Diagonals 0

Subject
Strategy a versus b. 0 0
Type

Cell a +' 0 0 0

Strategy 0 0 0 0 0
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Ex I>- rimI lit)
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kttlr c1a1 ficati0W, of vmhiocts by Grad (pvrcentage,)

SLrategy

Strategy 0' Cv.1.1-a u-versus-b
Sum of

Di4gondls
CqttclitIonal

rcobability

/my

o

16 40 3 0 37

11 44 6 0

18.. 71 6 0 17-
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Table 5

Experiment 2

Mean percent correct for each prOlem type

Problem Type

Training
condition

.:%.

Cell-a a-versus-b Sum of Diagonals
Conditional
Probability

.

All

Attention-plus-more 83.3 80.6 8.3 5.5 44.4

Attention-only 55.4 44.3 27.8 33.3 40.2

Control 52.8 38.8 44.4 24.8 , 40.2

All 63.8' 54.6 26.8 21.2 41.6

9
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Table 6

Effects of a-versub-b training on posttest performance

Improved
Didn't
Improve Total

Control 3 9 12

Attention 3 9 12

Only

Attention
plus more

10 2 12

Total 16 20 36

90
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A variety of theorists have suggested that covariation judgment may

be a key element in causal reasoning. That is, people may find likely

causes'of an event by seardhing for covariates of that event. 'If causal

jand cce-triation judgment are interlinkad in this way, then accuracy of

covariation judgment may set an upper limit to an individual's competence

at caus<.l reasoning.

Evidence from our oww,investigations indicates that people show

wide individual differences *in competence at covariation judgment. in

particular, a mOority'of adults employ rules which may lead to better

\
than chance accuracy, but which result in systematic errors on same

event relationships. we'Ve focused our investigation on four strategies

which might account for subjects' judgment patterns. Each of these

strategies will be discussed in terms of the four cells of a 2 :c 2

contingency table, labeled cells a, b, c, and d in a left to right, top
4

to bottom sequence. One commonly proposed strategy is -to judge a relationship

according to the number of times the target event states co-occur, cell-

a of the contingency table. We term this strategy the cell-a strategy..

A second approach might compare the number of times the target event

occurs with its supposed cause with the number of times that event

occurs without that possible cause. This strategy would compare frequencies

in contingency table cells a and b, a strategy we call a-versus-b. A

third strategy might compare the number of events confirming a relationship

of target event and supposed cause with the number of events which would

disconfirwsuch a relationship. This strategy would compare the sum of

frequencies in cells a amid with that of cells b + c, a strategy we

term sum of diagonals ((a + d) b + c)). Finally, a mathematically

sophisticated approach would compare the probability of target even,

1 Ou
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given the supposed cause with the probability of the evea't when that

cause was absent. We call this strategy the conditional probability'

strategy and is the only one of our strategies which will always produce

Icorrect judgments of ev,t covariationt.

Thus, we propose four different judgment rules varying in complexity

and likely accuracy. Since different rules should produce different

judgments, we can construct a problem set where eachbsolution strategy

produces'a unique §olution pattern. A sample of such problems is illustrated

in Table la. Problems are structured hierarchically such that cell-a

problems are accurately judged by all rules; a-versus-b problems should

becorrectly judged by all but cell-a judges. .Sum-a-diagonals pfOblems

should be accurately judged by sum-of-diagonals and conditional- probability.

problems should be accurately judged by the conditional probability

rule, alone. Accuracy of judgment is indexed by the direction of the

judged relationship. For example, a-versus-b judges should judge the

conditional probability ftoblem in Table la as a case in which AI:is

less likely given Bi, than. given B2 f2-12). Sum of diagonals judges

should judge the two events as unrelated (2 + 10 = 0 + 12) and conditional

probability judges should see Al as more likely given B1 than given B2

(2/2 vs. 12/22). A subjects" strategy is indexed by the accuracy pattern

on a 12 problem set, including 3 prsblems of each of the problem strategy

type. Table lb indicates judgment accuracy predicted by each of the

4

proposed rules. Subjects who pass no problem types are labeled Strategy

0. All other patterns not represented in the table would be labeled

unclassifiable. We've looked at rule use in this way in several experiments

involO.ng subjects from 4th trade through college age. Problems in

these experiments are set in the context of concrete events which ,lould

101
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be related. Frequency information .is represented in pictorial format in

a 2 x.2 table. Subjects ara asked about the relative likelih6od of an

uutoomeAiven the two alternative states of the other variables.

Our past evidence indicates a strong developmental trend in ale 4th

grade to college age span. The modal strategy at 4th grade was the a-

versus-b rule, although Strategy 0 and unc;assifiable judges were also

common. The sum of diagonals rule was used by a substantial group of

'subjects in our 7th and 10th grade samples. The conditional probability

rule 'was used by a substantial minority of subjects in tenth grade and'

college. The cell-a rule was rare,at all ages tested.* Thus, subjects

used increasingly ibphisticated rules with increasing age. However, the

optimal conditional probability rule was used tly a minority of subjects

evenat college age.

r.

Having discovered these developmental trends, our current efforts

are trying to account for those trends. That is, what knowledge differences

between these.age groups may be implicated in the differences in rule

use. A common approach to the problem is to develop a training method .

which is effective in eliciting use of more advanced rules. Contents of

those effective interventions allow us to identify one sufficient account

of naturally occurring.developmental trends. 'Effective training programs

may also be of pragmatic value in improving covariation judgment.

Our first concern was with the many fourth graders who didn't match

any of our proposed rules. Given the number of such subjects, we have

1--.) consider the possibility that these children were confused by some

aspect of our method and were unable to demonstrate their true comAtencies.

Our approach was to elaborate our instructions to insure that the children

understood the tabled stimuli and to reformulate Ole covariation question

4

.
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in a syntax-more appropriate for younger children.

These modifications were made to make our probleis more comprehensible

to younger children. It :urns out that we outdid ourselves, in this

respect., Testing a new sample of children, nearly all of our subjects

we classifiable by one of our rules in the fourth grade, and a majority

A

of chi ren showed systematic rule use in the second and third grades.

Overwhel gly, these subjedts were classy d as using the a-versus-b

rule. Unclassifiable and Strategy 0.judgment patterns w'pe predominant

among first and second grade children. As a result, this population was

the target age foi an attempt to elicit use of a simple judgment rule.

Thus, the first expkriment I'll describe is an attempt to train 7byear

old subjects -to use the a-versus-b rule. We opted not to train children

in use oft the cell-a rule since it so rarely occurred naturally:

Our training approach stemmed from our Lopicion that the judgment

question itself focused children's attention on cells 2 and b of the

contingency table. Asked if plants are more likely to be healthy when

they get bug spray or when they don't get bug spray, a subject may look

at those two event conjunctions (i.e. healthy plants-bug spray; healthy

plants-no bug spray). We thought of this as a problem of attention

direction. This was the reasoning behind our attention only condition,

where, on a set of 6 training problems, the experimenter asked. the

subject to point to the eqnt combinations specifically mentioned in the

question and to count the number of cases in each of the mo cells.

Subjects then made their covariation judgment. Subjects had mastered

this technique by the end of the training.problems.

A subject may also fail to use the a-versus-b rule because he or

she misses the comparison aspect of the question i.e., which is more

likely. A secona group of subjects were given the Attention instructions

1Q,)
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on the training problems and, in anition, were specifically asked which

of the two cells had more cases in it. Subjects then made their covariation

judgmftts. Subjects also mastered this technique by the end of the

training problems. This group is the Attention-plus-More training group.

A final group is a no training control group, who judged the same 6

problems but were given no special instructions.

All subjects were pretested to establish initial rule use. Unclassifiable,

Strategy 0 and cell-a judges were included in the paradigm,. Subjects

were randomly assigned to one of the three conditions.

Subject fatigue prevented an immediate posttest .of training effects.

However, all subjects did return a week later'for a delayed posttest.

Subject's performance at that time is illustrated in Table 2 of your

handout. As you can see, rates of improvement were at the same low level

.

for Attention-only and control subjects. This failure of Attention-only

instructions may imply that subjects at this age already know how to

find the relevant cells. However, the Attention-plus-More training did

result in reliable improvement at the delayed posttest. Thus, we see

that the comparative aspect of the judgment may be a key obstacle to

natural use of this simple rule by young subjects.

Having discovered that young children could use this simple rule,

we next attempted to elicit use of more advanced rules front older subjects.

Our first approach was to train subjects to use the sum-of-diagonals

strategy. This strategy is built on the notion that some ivent combinations

confirm a par.ticular relationship between events and that some combinations

disconfirm that rule. For example, if bug. spray is good for plants, we

should see many cases of healthy plants with bug spray and unhealthy

plants without bug spray. Healthy plants without bug spray and unhealthy
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plantswith bug spray would be exceptions to the relationship. Sum-of-

diagonals training taught subject that cells a + d were good examples

of a positive relationship and that cells b + c were exceptions to the

rule Subjects learned that the reverse was true for negative relationships.

Subjects practiced pointing to thi celli with good examples and those

with exceptions to the rule on each of 6 training problems. Subjects

also counted the number of cases in cells a + b and in cells b t c for

the training problems. These subjects then made their covariation

judgments. A group of control subjects made covariation judgments on

the same problems without the benefit of training. Training effects

were measured than immediate postte4t and in a delayed test one week

later. Subjects in the experiment were 4th, 5th, 7th and 8th grade

children whosp pretest performance showed use of cell-a and a-versus-b

rules.

The results of this training are Shown in Table'3. Note

that unclassifiable posttest subjects were noincluded in.the analeses.

Trained subjects we're significantly more likely to sh4a use of the sum-

of- diagonals rule both at the immediate and at the del\ed posttest.

This evidence indicates that subjects can indeed show improved rule 4se

with a relatively simple training procOure. These training procedures

were similarly effective among the younger and older subjects in tho.

sample. Our training in confirming and esconfirming cases not only

yielded better accuracy, but those judgments also conformed to the

pattern predicted by the sum-of diagonals rule. This suggests that this

reasoning may well underly the natural acquisition of this cule in

children's development At a minimum, these training effects identify

one sufficient model of this dewlopmental process.
Cl



Our final efforts a training are looking at what it takes to

elicit use of the optimal conditional probability rule among junior high

aged subjects. Thus far,it looks liks our training efforts are SAccessful.

This set of training studies suggests that subjects at all ages may shoi

problems in covariati>n judgment bu 'that those problems.are not irremediable.

Our evidence suggests that relatively simple training efforts calielisit

use of more sophisticated and more a' curate judgment rules.

I
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.
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Table 1

1

Fr
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a versus b tui of Diagonal Probability

Problem Problem -Problem

B1 B2 B
1 2
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1 4 Al

A2". A
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B) Strietegy use and,raultant patterns of problem accuracy.

(- = accurate, 0 = inaccur te)
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Table 2

4 EffeCts of a-versus-b Training on Delayed Posttest

performance of 7 year old children

?- Didn't
Improved Improve Total

Control 3 9 12
. %

Attention 3 9 12 4

Only

Attention
plus more

10 2 ,12

Total 10 20 36w

X
2
= 11.02, df = 2, pw< .01.

3,
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Table 3

Effects of Sum-of-Diagonals Training

on Immediate and Delayed Posttest

performance on 4th-8th grade children

Immediate Posttest Delayed Posttest

Didn't
Improved Improve Unclassifiable

t.,

Didn't

Improved Improve Unclassifiable N

Control 4 17 2 5 14 4 23.

i

Training 15 6 8 21 6 2 29

Total

w

19 23 10. 26 20 6 52

x
2

9.6, df = 1, p < .01 x
2
a 9.87, df = 1, p < .01

M c4.

0 10d

,..
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Abstract

A series of four experiments investigated college students' judgments of

interevent contingency. Subjects were asked to judge tht effect of a discrete

response (tapping a wire) on the occurrence of a brief outcome (a radio's

buzzing). Pairings of the possible event-state combinations (response-out-

come, response-no outcome, no response outcome, no response-no Outcome) were

presented in a summary table (Experiments 2 and 4), in an unbroken time line

(Experiments 1, 2, and 4), or in a broken time line format (Experiment 3).

Subjects judged the extent to which the response caused the outcome or pre-

vented it from occurring. Across all methods of information presentation,

judgments were a positive function of response-outcome contingency and outcome

probability. In the unbroken time line condition, judgments of negative

response- outcome contingencies were less extreme than judgments of equivalent

r.ositive contingencies. This asymmetry was smaller in the broken time line

condition and in those conditions where subjects were encouraged to segment an

unbroken time line into discrete response-outcome units. Finally, judgments

of positive and negative relationships were generally symmetrical in the

summary table condition. Relative to the two time line portrayals, summary

table judgments were also less influenced by the overall probability of oet-

come occurrence. These judgment differences among format conditions suggest

that, depending on the method of information presentation, suL::ects differently
a

partition event sequences into discrete event pairings. The segmenting of

continuous event streams may be an important factor in the accuracy of every-

day judgments of interevent contingency.

111
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And now remains,
That we find out the cause of this effect,
Or rather say the cause of this defect,
For this effect defective comes by cause.

W. Shakespeare; Hamlet, II, ii

Students of behavior both before and after Shakespeare have been interested

in causal perception. Most noteworthy was D. Hume (1739) who proposed a set

of conditions which were conducive to cause-effect impressions. Hume's

insights into the psychology of causation have helped to shape the direction

oi subsequent.tesearch and theory in the area.

Also important have been discussions of causal perception from compara-

tive and developmental perspectives. C. L. Morgan (1893,J894) concluded on

the basis of extremely limited evidence that human adults, but not children

and animals, can perceive the relationship between events. More systematic

data led Inhelder and Piaget (1958) to propose a stagewise unfolding of the

human's conception of interevent correlation or contingency as the individual

develops from child to adult.

Subsequent investigations into the perception of interevent relations

have not yielded evidence that is consistently favorable to the developmental

and evolutionary speculations of Morgan and of Inhelder and Piaget. Nor is

the evidence particularly supportive of modern theories, which posit a

virtual identity between humans' and animals' perceptions and the actual

interevPnt con;_ingencies that prevail in their environments (e.g., Heider,:

1958; Kelley, 1967; Mackintosh, 1974; Rescorlai 1978).

In the basic human judgmunt paradigm, subjects are given information

about. the frequency of pairim;s of alternative states (e.g., presence and

absence) of two events (e.g.., plant food and plant health); they can then be

asked to judge the direction and magnitude of the relationship between she

events. In ma-y of these exp.aiments, adults do not accurately judge the

correlation between two binar variables (see Crocker, 1981 for a review).
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Despite these negative rasults, other work has been more successful in

showing that adults can accurately judge interevent relations under some

circumstances (e.g., Allan & Jenkins, 1980; Alloy & Abramson, 1979; Seggie,
4

1975; Seggie & Endersby, 1972; Shaklee E. Tucker, 1980). Nevertheless,. many

factors have been suggested over the past 20 years which may contribute to

distortions in the perception of correlation.

Investigators have found that the accuracy of correlational judgments

depends on the sign of the relationship being judged. In particular, Erlick

and Mills (196'0 found that subjects judged negative correlations as closer to

zero than positive correlations of equal magnitudes. Also common is the

result that subjects find contingencies of zero to be especially difficult to

identify. For example, Seggie (1975) reported that subjects were accurate in

their judgments of contingent relationships, but were error-prone in judging

noncontingent relationships (also see Allan, 1980; Allan & Jenkins, 1980).

Alloy and Abramson (1979) replicated this pattern of differential accuracy in,.

nondepressed subjects, but found that depressed adults judged noneoutingent

problems closer to zero than did nondepressed subjects.

One must, however, be cautious in interpreting the effects of relation-

ship direction; subjects may approach the stimuli in question with strong

'`\ expectations about the nature of the relationship that will hold. In Seggie's

1975 study, for example, subjects judged whether or not hospitalizing a victim

of a tropical disease would improve the chances of recovery. Erlick and

Mills' (1967) subjects judged the relationship between the quantity of a

particular food a person ate and whether the person felt better or worse.

People who believe in the merits of medical science or hearty eating would be

likely to expect each to improVe general well being. This expectation could

produce a bias to report relationships as positive, resulting in errors in

judging negatively related and independent events.
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Evidence of such an expectation effect was found in the research of

Chapman and Chapman (1967 a & b), where subjects judged there to be a positive

relationship between semantically-associated clinical signs and symptoms in

stimuli that actually presented the sign and symptom as independenc, or even

negatively. related. This illusory correlation effect proved to be highly

reet5tant to a variety of attempts to reduce it, including exposiAg subjects

to the stimuli several times and offering them a $20 reward for accuracy.

Similar expectancy effects may be a reason for some past findings of differen-

tial accuracy as a function of relationship direction. Any attempt to examine

the effect of relationship direction should then be conducted in a context in

which .prior expe'ctations are minimal.

A second common findin6 in past research is that judgments of interevent

correlations are biased by the relative frequencies of the event states of the

variables involved. For example, Jenkins and Ward (1965) asked subjects'how

much control their responses (pushing Button 1 or 2) had over the frequency

with which a score light appeared. Subjects' judgments of control were most

strongly correlated with the number of times the score light occurred, regard-

less of whether that outcome was actually influenced by their choice of buttons.

Allan and Jenkins (1980) found that this'bias was reduced, but not eliminated

when subjects had a single button to press or not to press, compared to Jenkins

and Ward's two-button condition (also see Alloy & Abramson, 1979). The findings

of these investigations indicate that the probability of the outcome is a

second possible confound to be controlled or manipulated in assessing contin-

gency judgment.

A final recurrent finding in past research is that the accuracy-of judging

interevent contingency depenth, on how the event frequency information is

presented. Two common formats present this information either as a series of
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irtvidual event-state combinations (e.g., Alloy & Abramson, 1979; Shaklee 4

Mims, 1982; Ward S Jenkins, 1965) or as a summary table Seggie, 1975;

Smedslend, 1963; Ward & Jenkins, 1965). Experiments which have compared the

two presentation foAats have found accuracy to be higher when the frequency

information is summarized in table format.

Of course, the serial and'summary formats differ in a variety of ways.

Most obvious 4 the added memory demand involved in the trial-by-trial presen-

tation of information; thus, subjects who add .a, strong memory load to an

already complex judgment process may compromise accuracy to simplify an over-

whelming task. Shaklee and Mims (1982) relied upontsuch a memory account in

interpreting their judgment findings. Ward and Jenkins (1965), however,

argued that, while important, memory load cannot fully account for the judg-

ment difference between serial and summary formats, Rather, they proposed"
that the serial presentation of stimulus information may lead subjects to

organize the information differently from those who view the same information

in a tabled format. In support of this point, Ward and Jenkins note that

subjects in their experiments who were shown tabled information after serial

presentation used less appropriate judgment strategies than those who saw only

the tabled information. If information is organized differently under the two

conditions, then this may lead subjects to make different judgments of inter-

event relationships. Alth'Ough this reasoning is plausible, past paradigms

have confounded presentatio format with memory loads the contributions of

memory and organization eff4Fts in past research cannot then be separated.

The issue is best addressed by comparing use of serial and summary frequency

information in conditions alike 'in memory load.

The present study thus compared serial and summary formats in a string

free of memory demands, while also asing a problem for which subjects shOuld

1 j
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have little bias as to the nature of the interevent relation. The basic

situation involved troubleshooting a malb.nctioning radio. While this situ-
/

ation is far less dramatic than Polonius' efforts tc determine the reason for

Hamlet's odd behavior, it is nonetheless representative of everyday instances

of causal reasoning.

Subjects were told that an individual was trying to find the cause of an

intermittent buzz (B) by occasionally tapping (T) on a wire inside the radio.

The results of the troubleshooting were then given to the subject, who was

asked to judge the degree to which tapping affected the radio's buzzing: from

"causes the sound to occur" to "has no effect on the sounds' to "prevents the

sound from occurring." This context has the virtue of being orre in which

subjects should no have a strong expectation about the nature of the response-

outcome relationship; tapping a wire should be as likely to complete as to
1

break a loose connection. Similarly, if the wire is not loose, tapping it

should have no effect on the buzz.

lding constant the probability of tapping, 2{T), both the probability

*or/of a buzz given a tap, 2.(B/T), and the probability of a buzz given no tap,

2..(B5), were systematically varied to yield 24 different troubleshooting

conditions. These conditions in turn constituted nine tap-buzz contingencies,

2{B/T) -ja(B/Y), ranging in .25-steps from -1.00 to +1.00 (see Allan, 1980 for

further discussion of various measures of contingency or correlation).

An additional feature of the 24 troubleshooting conditions was that they

were contrived in such a -Tay that they varied not only in the tap-buzz contin-

gency, but also in the overall probability per sampling interval of the

buzzing sound, 11(8). Eight different buzz probabilities were studied, ranging

in .125-steps from .125 to 1.000. Because the tap-buzz contingency and the

relative frequency of the radio's buzzing vs its not buzzing were independent

I1 *MeManel
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dimensions in the present expergental design, the contributions of theso

variables to subjects' judgments of correlation could be individually assessed.

The method of information preseritation was studied with two basic techni-

ques. In one, subjects were given summary tables showing the numbers of times,

that the four possible evenc.sequences occurred in 24 sampling intervals:

tap-buzz, tap-no buzz, no tap-buzz, and no tap-no buzz. In the other, the

same information was given in a time line format, with the 24 sampling inter-
0'

vats graphically and linearly arrayed. Such an arrangement preserves the

sequential character of the critical events, while minimizing the strong

memory demands that are ordinarily placed on subjects when they are given

information in a trial-by-trial fashion. This method was originail7 suggested

by Ward and Jenkins (1965, p. 240); however, it has never been utilized in

experimental research.

Since past work has not entailed a time line presentation of event

frequencies, our series of investigations began by lookA0g at subjects' judg-

ments using this format alone. Experiment 1 explored the effects of tap-buzz

contingency and buzz probability on judgments of tap-buiz correlation in both

within-subjects and between-subjects paradigms. Experiment 2 directly com-

pared the effects of the time line and summary table methods of information

presentation. Because the second experiment disclosed that judgments did

differ under the two conditions of information presentation, Experiments 3 and

4 explored possible reasons for the judgment differences.

Experiment 1

The first experiment investigated the judgment of response-outcome corre-

lation when responses and outcomes were shown to subjects in a time line

format. In one part of the ex-eriment, each subject received only 1 of 24

possible tap{buzz conditions; in the other part, each subject received all 24
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tap-buzz conditions. Both between- and within-subjects conditions were included

in order to identify possible influences of multiple judgments, since we hoped

to use the more efficitnt within-subjects procedure in later work. Subjects'

ratings of the response-outcome relationships allowed us to,determine,the

degree to which the tap,buzz contingency, 204T) - Off), and the overall'

probability of the buzzing sound, il(B), influenced their behavior. To deter-

mine whether the sign of the response-outcome correlation affected subjects'

judgments, equal numbers of positive and negative contingencies were studied.

Method

Subjects. The subject,. were participants in an introductory psychology

class, who served in the experiment as one_option for fulfilling a course

requirement. A total of 552 students served in the between-subjects part of

the experiment and a total of 25 students served in the within-subjects part.

Problems. A set of 24 problems was constructed. These problems were .

alike in that they all comp-ised 24 sampling intervals. Each sampling Utter-
.

val in turn had two components: a "response" component during which a tap

might or might not occur, and an "outcome" component during which a buzz might

or might not occur. Each of the 48 resulting components of a problem was

denoted on the subject's problem sheet as a dash; the 48 consecutive dashes

thus constituted the time line for each problem. Taps in the response com-

ponent of a sampling interval ware denoted by an "A" above the dashed time

line, and buzzes in the outcome component of a sampling interval were denoted

by a "B" below the dashed time line.

For all 24 problems, there were 12 taps represented in the 24 possible

response components. Thus, the probability of tapping per sampling interval,

2.(T), was always .50. Probleils varied in terms of the likelihood that a buzz

was represented in the outcome components, .0), and the likelihood of buzzes

following taps, k(B/T), and no taps, 2.(B 1f), in the response components.

lid
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For each of the 24 problemi, Table 1 shows the numbers of sampling inter-
./

vats of each of four possible types: tap-buzz, cap -no buzz, no tap-buzz, and

no tap-no buzz. Note that the number of sampling intervals with a tap is

equal to 12, which is the same as the number of sampling intervals without a

tap. Note also that the total number oesampling intervals equals 24. And

note finally that the number 7f sampling intervals with a buzz varies from 3

to 24.

Insert Table 1 about here

For each problem, time lines were constructed from smaller groupings that

contained eight sampling intervals. The sequence of event pairiugs was deter-

mined randomly within each eight-sample group. While eight-sampling groups

theoretically provide all the necessary informa'tion that is needed to distin-

guish the 24 problems, we thought it advantagewis to triple the amount of

input given to the subjects in hopes that their judgments might thereby be

improved. For example, Problem 18 in Table I was represented as follows:

AAAAAAA A AAA A_
B B -------B B B B B --E- B B

Figure 1 shows a.second method of depicting the 24 problems that were

studied. Both the top and bottom portions of the figure locate each problem

within the unit square defined by the two independent conditional probabilities,

2(B /T) and 2.(B /i). The top portion of the figure shows the response-outcome

coutingenc- p(B/T) - 2(B /i), of each of the problems; the bottom portion

shows the likelihood of the buzzing sound per sampling interval, 2.(B), for the

same problem set. There are nine response-outcome contingencies and eight

probabilities of buzz presentation represented by the 24 problems in Figure 11

Furthermore, these two pro.ledural dimensions are orthogonal, as can be seen by
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the opposite slops of the lines that connect the 24 problems in the top and

bottom portions'of the figure. From the figure it can finally be seen that

one.possible problem was not included in the set. When E(B/T) = 0 =

4.0) M 0; little sense could thus have been made of the task by the subjects

(see next section for questionnaire instructions).

Insert Figure 1 about here

Procedure. Subjects were given problem sheets that each contained

instructions, a time line, and a rating scale. The instructions read as

", follows:

Alter buying Anew radio, Kim finds that it emits a brief
buzzing sound every so often. Kim finds this buzzing 'sound
annoying and decides to find its cause. Removing the back
of the radio, Kim suspects that a wire may be loose. Kim
chooses a wire and taps on it a number of.times in order to
see if this has any effect on the buzzing sound. In the
diagram below, Kim'.. tapping on the wire is shown by an_s,
A above the time li!.e which moves from left-to-right across
the page. An occur.ence of.the brief buzzing sound is
shown by a B below he time rine.

One of the 24 different time lines then followed. Below the time line was a

nine-point rating scale ranging from -4 (prevents sound from occurring) to 0

(has no effect) to +4 (causes sound to occur). Subjects were asked to circle

Bite number that best corresponded to their answer to the question, "If you

were Kim, what would you conclude was the effect of tapping on the wire?"

In the between-subjects part of the experiment, only 1 of the 24 problem

sheets was given to each subject. "In the within-subjects part of the experi-

ment, each subject received all 24 problem sheets, with the oraer of the

sheets randomly determined fo each subject. The 24 problem sheets were

clipped together;'each packet also included the following cover sheet:

12u
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The aim of this experimenvis to see hoF people judge
the relationship between their acttms-and the consequences
of those actions. In the 24 sheets that follow, the same
basic problem is posed: What is the relation between Kim's
tapping on the wire of a malfunctioning radio and the
occurrence of a brief buzzing sound that the radio arras naliy
emits. tile 24 sheets differ only in the partic'.iiar refi t ionship

between Kim's tappihg and the occurrence of the sound. For
each of the 24 sheets, please rate the degree to:which Kim/s
tapping affects the rate of the radio's buzzink, from "preventk
the sound from occurring" to Ilcauses the sound to occur.", As
you go through the 24 problems, you'll soon see that the problems
differ from'one another to varying degrees. You may sometimes
want to look back to prior problems; you may eyen want to change
prior responses. This is OK. It is more impdrtant to work
through the problems carefully and methodically than'to give
quick and offhand reactions. Indeed, the materials are paper-
c4pped together so that you can sort through the Many sheets
add organize them any way you wish.

Table 2 shows the means 4nd standard deviations of'Subjects' judgments i,1'
Li

for the 24 problems in both the between- and within-subjects parts of the

experiment. Each of the 24 problems is located in the kableby the.coor-
t

dinates 2.(B/T) 2.(B/T) and 2(B). In general, subjects' rating scores were

positive functions of both 2(8/T) -2(B/i) and 2(B).

K

In .ert Table 2 about here

Figure 2 graphically per.. rays subjects' rating scores as separate func-

tions of £(B /T) -2(B/i) and ..(B) in each part of the expertment. Analysis of

variance simultaneously ass:s ed the reliability of these two sets of functions.

Ins. rt Figure 2 about here

The left panel of Figure 2 displays subjects' ratings as a function of

2.(B/T) 2.0/6. The posit .Lv. diagonal in the figure shows the responses of a

121
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hypothetical judge whose responses correspond_in a linear fashion to zhe

actual response-butcome contingencies and who also emolJys the full 'rating

scale. Zr. the between- and within-subjects parts of the experiment, . subjects'

judgments were reliable linear functions of 2(B/T) 2(B /T), F(l, 328) =

139.17, 2. < .001, and F(1, 24)f= 74.76, 2. < .001, respectively; however, the

slopes of those functions were clearly less than that of our hypothetical

linear observer. The between- and within - subjects functions alsO had reliable

quadratic components, F(1, 528)= 11.28, 2 = .001, and F(l, 24) A 28.07,

2. < .001, respectively; this trend appears to be due to the negative segments

of the functions having shallower slopes than the positive segments. Finally,

in the within-subjects part of the experiment, the contingency-rating function

had a reliable cubic component., F(1, 24) = 11.96, 2 = .003; this trend appears

to be due eothe function having an inverted S shape. Although the overall

form of the between-subjects function was similar, it did not have a reliable

cubic component.'

The right panel of Figuru 2 displays subjects' ratings as a function ofas

2.0). In the within-subjects part of the experiment, ratings were a positive,

linear function of 2(B), F(1, 24) = 32.63, 2,< .001. In the between-subjects

part of the experiment, the linear trend only approached significance, F(l,

528) = 2.90, 2,n .089.

To assess the re).ative contributions of 2(B/T) 2(8/i) and 2(B) to sub-

jects' judgment scores, the percentage of problem variance accounted for by

these factors was determined through the cubic component of each; beyond the

cubic component, no significant variance remained for either part of the

experiment. In the between- subjects part of the experiment, 2(B /T) - 2(B/i)

.accounted for 86.47% of the total variance and 2(B) accounted for 3.21%; in

the within-subjects part of the experiment, the correspdnding scores were

71.87% and 24.10%.

122
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Discussion

Subjects' judgmen of contingencies in the time line format showed

several interestingLen i that were generally comparable in the within- and
-.

between-subjects parts of the experime :. These results also accord well with

past paradigms using different presentation formats. First, judgments of
.

response-outcome correlation were a reliable function of the contingency

between the tapping of a wire and the occurrence of a brief buzzing sound.

Subjects' ratings Tose as the tap-buzz contingency, 03/T) - 2(B/T), increased

from negative to positive values. Thus, subjects clearly showed some sophis-

tication about appropriate bases of contingency judgment.

The relative accuracy of subjects' judgments is, however, another issue.

Mean judgments indicated that subjects rated noncontingent relationships close

to zero, but ratings of several negative relationships hovered close to zero
.1
4

as well. While subjects were asked to rate both the degree and the sign of a

correlation, the clearest evidence of accuracy here was the rated direction of

the relationship. Subjects' Judgments should also have been ordered according

to the strength of the correlation. ,While this was generally true, the ratings

yielded contingency judgments that were poorer than ideal. Indeed, the quad-

ratic component of the judgment function indicates that subjects did not treat

positive and negative relationships symmetrically; contingencies of the same

absolute value were rated as stronger for positive than for negative rela-

tionships. The form of this difference in ratings of relationship strength

closely resembles that found _n prior research by Erlick and Mills (1967).

T) second main finding vas that judgments of correlation were reliably

influenced by the likelihood of the buzzing sound, 2.(B). This bias is com-
.,

parable to that found in ()the:: studies in which the judgment of contingency

depended on the likelihood that the outcome occurred (Allan & Jenkins, 1980;
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Alloy & Abramson, 1979 Jenkins & Ward, 1965). These prior studies most con-

vincingly demonstrated a bias effect of p(B) with response-outcome contin-

gencies of zero; Allan and Jenkins' (1980) investigation further suggested

that the bias effect could arise under positive contingencies. The present

....-%

report confirms the above trends and also hows that the effect of p(B) on

Jrjudgments holds under negative response-o tcome contingencies as well (see

that ratings tend to inareasft from top to bottom within most columns of Table

2).

Experiment 2

The results of the time line portrayals in Experiment 1 were comparable

in many ways to those of past paradigms. However, subjects who view informa-

tion in a particular format may treat the information in a manner specific to

that format; that issubjects' attention to information may depend!on the way

the information is presented. The organization or integration of attended

information may vary with stimulus format as well. We propose three ways in

which the time line and the more familiar aummary table format may produce

different judgments.

First, tabled presentation of event frequency information offers the

subjects tallies of the frequencies of each type of event-state combination.

Our time line presentation (like past serial presentation techniques) requires

the subjects to generate such tallies'on their own. Subjects given time line

information may guess rather than count those frequencies, resulting in esti-

mation errors. This logic suggests that ,judgments with time line presentation

will be generally less acr.urate than judgments with tabled presentation and

that such differential accuracy will be relatively constant across positive,

negative, and noncontingent relationships. The resultant judgment function

should be relatively flat across all contingencies compared to that of tabled

inxormation.

124
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A second possible source of difference is the fact that the summary table

presents the event-state combinations in a form of comparable salience. In

contrast, each type of event pairing has a unique representation in the time

line format (i.e., AB, A-, -B, --). As a result, scc types of event pairings

may be more salient than others. In particular, the interval pairs with two

event absences (--) may be less prominent than those with one or both events

present. This featrre may also have been true of past serial presentation

paradigms. If so, subjects should underestimate the frequency of no tap-no

buzz pairings. Since the denominator of the conditional probability, ROM,

would then be smaller than would be accurate, this would result in an estimate

of .2.(B /T) that is too high. This in turn should result in a bias to judge

contingencies as being more negative in the time line format than the same.

contingencies presented in the tabled format.

Finally, the time line format allows the subject to deter6ine the delay

between tap and buz' that will be counted as a tap-buzz pairing. Consider the

interval series A--B. The tabled format would represent this as one occurrence

of tap-no buzf and one of no tap-buzz. However, a subject given the time line

presentation may well consider this series to be a single pairing of tap-buzz.

This tendency would lead to an underestimation of the frequencies of event

pairings tap-no buzz and no tap-buzz and an overestimation of the frequency of

tap-buz:6 pairings. These errors woul yield an inflated numerator for 2(B /T)

and a smaller than accurate numerator for 2(B /7). These biases should

result in judgments of contingencies being more positive in the time line than

in the summary table format. This problem of event segmenting should not have

been true of past discrete trial presentations, where each slide or card

defined an event-outcome pairing. However, the problem may be true of event

processing in real time, when event continua must be defined as discrete

events..
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Thus, each of three reasons for judgment differences in the two informa7

tion oresentatiou conditions would result in a unique pattern of judgment

outcomes. Whechcr any of these differences will materialize is an empirical

question. Experiment 2 addressed this issue by comparing judgments under the

time line format employed in Experiment 1 with judgments of the same problkms

presented in the summary table format used in past investigations (e.g.,

Smedslund, 1963; Ward & Jenkins, 1965). Since judgments were so comparable in

the between- and within-subjects parts of Experiment I, subjects in Experiment

2 judged all 24 problems.

Method

Subjects. The subjects were 34 undergraduate research participants.

Problems. The same 24 problems were used here as in Experiment 1.

Problems in the time line format were typed on a single sheet of paper with

the nine-point rating scale to the right of each problem. Problems in thd

summary table format were typed on another sheet of paper similar to Table 1,

except that the four types of sampling intervals were vertically arrayed;

i4entical rating scales were located beneath each problem. Problems were

presented in a single random sequence for the time line format and in a

different random sequence for the table format.

Procedure. Ouring the first portion of the experimental session, sub-

jects were given an instruction sheet describing the troubleshooting problems

on the attached sheet of paper. For half of the subjects the problems were in

the time line format, and for the other half the problems were in the summary

table format. During the second half of the session, subjects corked problems

In the format not worked in, the first half. Instructions for time line prob-

lems were the same as those used in Experiment 1. Instructions for summary

table problems were tha same, with appropriate adjustments to introduce the

table rather than the time line format..7.
120
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Results

Table 3 shows the means and standard deviations of subjects' judgments

for the 24 problems given in the time line and summary table formats. Because

analysis of variance failed to disclose any reliable effects attribetable to

the order of format presentation, this factor is not considered in Table 3 nor

in later data analysis. As in Experiment 1, subjects' ratings were positive

functions of both 2(B /T) - 2..(B/i) and 2.(B).

Insert Table 3 about here

Figure 3 graphically depicts subjects' rating scores as separate func-

tions of 2(B /T) - 2.(B/i) and 2,(3) for each method of information presentation.

Analysis of variance simultaneously complpired these two sets of functions.

Insert Figure 3 about here

The left panel of Figure 3 portrays subjects' ratings as a function of

2.(BiT) 2(1/i). Overall, ratings were reliable linear, F(I, 32) = 51.72,

2 < .001, and quadratic, F(1, 32) = 12.90,E ... .001, functions of tap-buzz

contingency. Additionally, there wAs a reliable quadratic contingency by

format interaction, F(1, 32) = 4.97, .2= .033. To pinpoint the source of this

interaction, separate analyses of variance were conducted on the time line and

summary table data. For both the time line and the summary table formats,

ratings were reliable linear functions of contingency, F(1, 33) = 36.77,

k< .001, and F(1, 33) = 44.27, 2 < .001 respectively. However, the quad-

ratic trend vas reliable for the time line format only, F(1, 33) = 14.59, 2

.001. Thus, subjects' judgments were reliable linear functions of response-

121
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outcome contingency with both methods of information presentation; however,

the method of information presentation influenced those functions, with the

tabled format supporting judgments that better approximated those of an ideal

observer, particularly in the region of negative contingencies.

The right panel of Figure 3 illustrates subjects' ratings as a function

of 2.(B). Overall, ratings were reliable linear, F(1, 32) = 30.11, R.< .001,

and quadratic, F(1, 32) = 26.68, .2< .001, functions of outcome probability.

Additionally, there were reliable linear, F(1, 32) = 6.32, 2, = .017, and

quadratic, F(1, 32) = 12.99, k< .001, outcome probability by format inter-

actions. Because of these interactions, follow-up analyses were separately

performed on the time line and summary table data. For the time line data,

ratings were reliable linear, F(1, 335 a 34.57, 2,.< .001, and quadratic,'F(1,

33) = 30.43, 2. < .001, functions of 2(B); for the summary table data, the

linear trend was reliable, F(1, 33) = 5.33, 2= .027, and the quadratic trend

fell just short of statistical significance, F(1, 33) = 3.69, 2. = .063. Thus,

the method of information prese7tation altered the influence of outcome proba-

bility on subjects' ratings; providing the information in a time line format

both steepened the probability-judgment function and increased its curvature

relative to providing the same information in a summary table format.

And, regardless of tap-buzz contingency and buzz probability, judgments

were reliably higher in the time line condition than in the summary" table

condition, F(1, 32) = 5.03, 2. = .032.

To assess the relative contributions of response7outcome contingency and

outcome probability to subjects' ratings, the percentage of problem variance

accounted for by each factor was determined as in Experiment 1. For the

summary table data, 20/T) - 20/i5 accounted for 81.357 of the total variance

and 20) accounted for 12.58%; for the time line data, the corresponding
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scorv were 39.48% and 51.79%. Beyond the cubic component, no significant

variance remained for the summary table data. For the time line data, the

8.78% remaining variance was small, but statistically significant, F(17, 561)

se 3.23, z < .001.

Discussion

The data from subjects given the time line in this experiment replicate

the judgment patterns of subjects in the comparable condition of Experiment 1.

In addition, the results of Experiment 2 confirm prior findings (Shaklee &

Mims, 1982; Smedslund, 1963; Ward & Jenkins, 1965) that the method of infor-

mation presentation affects subjects' judgments of response-outcome correla-

tion.

The obtained judgement differences under two conditions comparable in

memory demands suggest that past effects of presentation conditions may not be

solely attributed to memory. In general, subjects' judgments were more

closely attuned to response-outcome contingency when information was given in

the summary table than when the same information was given in the time line.

First, the contingency-judgment function (left panel of Figure 3) was more

symmetrical about zero in the summary table condition, suggesting that sub-

jects rated positive and negative relationships in a comparable fashion.

Again, the time line portrayal suppotted less accurate judgments of negative

than positive contingencies. Second, table format judgments were less dis-

torted by the probability of the buzzing sound (right panel of Figure 3). The

linear contingency by format interaction showed that the time line judgments

ere steeper,functions of a(B) than the summary table judgments.

We previously reviewed three reasons "why time line and summary table

formats may result in different contingency judgments. The suggestion that

[----

the time line will lead to more errors in estimating frequencies of event

12,i
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pairings than the summary table predicted overall poorer contingency judgment

accuracy (i.e., a flatter, but symmetrical contingency-judgment function) in

the time line than in the tabled format condition. The possibility that joint

event absences (no tap-no buzz) were less salient 1./.r.be time line than in the

tabled presentation mode predicted a general bias to report relationships as

more negative in the time line than in the summary table format. However,

neither of these difference patterns describe our results.

Subjects in this experiment did show a tendency to judge relationships as

more positive in the time line than in the summary table condition. This

result supports our third proposed source of differences, that subjects may

group event pairings differently in the time line than the tabled format. In

particular, event series A ---B could be identified as a single tap-buzz occurrence

rather than a tap-no buzz and a no rap-buzz, yielding in a bias to report

relationships as positive. However, we should note that while ratings were

generally higher in the time line than in the summary table condition, the

positivity bias was more pronounced for negative than positive contingencies.

One possible account for this finding involves the influence of context on the

grouping of event pairings; that is, A--B may be most likely to be judged a

tap-buzz occurrence when there are few contiguous AB pairings in the time

line, as would be the case in negative contingencies.

Besides helping us to understand why different presentation formats sup-

port different judgments, C.ese performance differences between groups also

allow us to reject the possibility that time line subjects' problems with

rating negative contingencies are due to a response bias or :o prior expecta-

tions. Any expectation about the effect of tapping on the radio's buzzing

should be the same in the two groups, but judgments of negative contingencies

were distorted for time line subjects only. Zimilarly, since subjects made

13v
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judgments on the same rating scale in the WO conditions, performance dif-

ferences cannot be attribeted to peculiarities in the scale itself.

Experiment 3

The results thus far suggest that subjects may define events differently

in the time line and table formats. If this is the principal reason for the

inaccurate responses of time line subjects, then their judgments should

improve when the continuous stream of events in the time line is separated

into discrete units.

Our third experiment further explored the problem of defining Individual

sampling periods by placing a clear break between paired intervals in the time

line format. To do this, we simply added a blank space between successive

sampling. intervals along the time line. As in the within-subjects part of

Experiment 1, subjects rated all 24 tap-buzz contingencies. These Judgments

were compared to those obtained in Experiment 1, in which successive sampling

intervals Immediately followed one another.

Method

Subjects. Another group of 25 undergraduate research participants joined

the 25 who had served An the within-subjects part of Experiment 1, and whose

data are depicted again in the Results section that follows. Subjects in

these two groups were from the same introductory psychology course and were

tested within 3 weeks of the same school term.

Problems. The problems for the new subjects were identical to those'in

Experiment 1, except that one blank space was in,erted between successive

sampling intervals along the time line. This format is illustrated in a

sample item (Problem 11):

A A A A A A A A A A
B B B B B B B B

13i
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Procedure. The procedur7 for the new subects given the broken time

lines was identical to that for the former subjec s given the unbroken time

lines in Experiment 1.

Results

Table 4 s.,ows the means and standard deviations of subjects' judgments

for the 24 problems given in the broken and the unbroken time line conditions

of Experiment 3. Again, subjects' ratings were positive functions of 2.(B /T) -

Q0/T) and 2.(P).

Insert Table 4 about here

Figure 4 graphically illustrates subjects' rating scores as separate

functions of 2.(B /T) - 2(B 5) and 2.(B) for each time line condition. Analysis

of variance simultaneously compared these two sets of functions.

Insert Figure 4 about here

The left panel of Figure 4 shows subjects' ratings as a function of

2.(B /T) - Overall, ratings were reliable linear, F(1, 576) a 542.75,

it< .001, quadratic, F(1, 576) a 34.32, 2. < .001, and cubic, F(1, 576) a

20.35, 2. < .001, functions of tap-buzz contingency. Additionally, there was a

reliable linear contingency by time line interaction, F(1, 576) a 5.08, 2. a

.025, and a near significant quadratic contingency by time line interact

\
on,

F(1, 576) a 3.18, 2. a .075. Therefore, separate analyses of variance were

conducted on the data for the group given the broken time line and for the

group given the unbroken time line. For both the broken and unbroken time

line groups, ratings were reliable, linear functions, F(1, 24) a 83.74, 2. < .001,

1 3 .4
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and F(1, 24) . 74.76, o < .001, respectively; quadratic functions, F(1, 24)

7.17, z .013, and F(1, 24) = 28.07, z < .001, respectively; and cubic func-

tions of contingency, F(1, 24) = 24.83, z < t1001, and F(1, 24) . 10.96, k=

.003, respectively. Thus, although the contingency -rating,functions were

similar, judgments of contingency were more strongly differentiated for sub-

jects in the broken time line group; this greater differentiation was generally

re notable for negative than for positive contingencies.

The right panel of Figure 4 portrays subjects' ratings as a function'of

2(B). Overall, ratings were reliable linear, F(1, 576) sa 139.87, IL < :001,

and quadratic, F(1, 576) * 25.33, IL < .001, functions of outcome probability.

Additionally, there was a reliable quadratic outcome probability by time line

interaction, F(1, 576)= 6.18, z= .013. Separate analyses of variance were

therefore conducted on the data from the two time line groups. For both the

group given the broken time line and the group given the unbroken time line,

ratings were reliable linear functions of 2(B), F(1, 24) : 20.62, p < .001,

and F(1, 24) . 32.63, 2. < .001, respectively. However, the quadratic trend

was reliable for the broken time line group only, F(1, 24) = 24.01, 2. < .001.

Thus, the probability-rating functions of the two time line groups were

similarly sloped, although the function for the broken time line appeared to

turn downward at high outcome probabilities more than the function for the

unbroken time line.

To assess the relative contrintions of response-outcome contingency and

outcome probability to subjects' judgments, the percentage of variance accounted

for by each factor was determined as in Experiments 1 and 2. For the broken

time line group, 2(B/T)--2(BIT) accounted for 77.317. of the total problem

variance and, z(B) accounted pr 19.087..; for the unbroken time line group, the

corresponding scores were 71.37% and 24.10%.

I 3
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Discussion
Or

We introduced the broken time line format in Experiment 3 to partition

the time line continuum int discrete sampling intervals. The results of the
AVIINO

experiment indicate that this manipulation had an effect on judgments of the

problem set. Subjects judging brken tide lines showed greater differenti-

ation in their ratings as a function the_scheduled contingency than sub-
-)

jects judging unbroken time Lales. This increased differentiation was generally

more prominent for negative than for positive relationships, a difference

which was also true of subjects judgipg tabled information in Experiment 2.

Thus, the results of subjects who viewed the broken time Anes duplicate

in some respects the behavior of subjects judging on the basis of tabled

information. Our ability to increase the accuracy of contingency judgments

by this manipulation enhances confidence in out interpretation that subjects

made errors in identifying discrete event pairings in the contintI8be time

lines. The similarity of judgments of tabled and broken time line information

suggests that one function of the table may be to separate a stream of events

into coherent units. Such units may be more readily classed according to the

type of event pairing and thus may be more accurately ivorporated into a

contingency judgment.

While breaking the flow cf the time line into discrete sampling intervals

yielded judgments more similar to those made with summary table presentation,

inspection. of Figures 3 and 4 sLows that the judgments obtained under these

two conditions were not identical. Contingency-judgment functions, under the

broken time line format were less symmetrical about zero than under the

summary table format, and probability-rating functions were steeper in the

former condition than in the latter. Thus, other factors may well contribute

to the differencei`in contingericy judgments obtained with the time line and

summary tagri-rormats in Experiment 2.

134
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2

Thus far, our leading interpretation of the problems created'by a con-

tinuous representation of events is that people have difficulty breaking the

stream into discrete units. An alternative approach to testing this account

might be to teach people to palse the timiN line into the component units If

such training produces judgment functions like those fOund in our brokjn time

line and table formats, such findings wouldifurther support this as the source

of judgment differences. A second function of the table mentioned earlier

,might be to offer subjects numerical summaries of the information about the

four event combinations. This summarized information may be more readily

incorporated into a decision rule in judging event covariations: In this way,

judgment accuracy might be further enhanced if. subjects were asked to count

the occurrences of each event -state combination and note these frequencies

in a table. By this process, subSects Would effectively convert a time lime

into a table format.

Our fourth and final experiment used each of. these approaches. One group

of subjects was presented with the 24 problems in our original time line

format, but were taught to break the line into response-outcome intervals

(line-interval). A seco&1 group received these'instructions and were also

asked to count the frequencies of each event-state pairing and write those

frequencies in a table (line-table). Time line and table groups using our

original instructions served as comparison conditions for these manipulations.

Improved judgment by line-interval subjects compared to time line subjects

would further implicate line segmenting as a factor in contingency judgment.

Further improvement. byline -table subjects would suggest that summary infor-

mation is also ,- tmportant function of the tabled format. Because -we found

sex differences in -ontingency judgment in related work of ours (Shaklee &

Hall, in press), sex was included as a factor in this experiment.

13)
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Subjects. A total of 160 introductory psychology subjects served in the

experiment with 20 males and 20 females in each of four judgment conditions.

Problems. The 24 contingencies for this experiment were the same as

thosein the previous experiments. Format Of problems in che time line and

table representations was the same as that used in Experiments 1 and 2.

Procedure.. The introduction to the troubleshOoting problems was idinti-

cal to that used in the previous studies, except that the pfoblem reprevinta-

tion was explained intone of four ways:\

Line: These instructions were the same-as those used in Experiments.1

and 2.

Line-Interval: These problems were represented in a time line like that

used is Experments I and 2, but in this case subjects were specifically

%

instructed how to break the time line Jilts response-outcome intervals. In-

structions were as follows:

Each dash on the time line represents one unit of time.
Time units come in pairs, with the first an opportunity
for a response (Tap or No Tap) and the second an oppolitunity
for an outcome (Buzz or No Buzz). Thus, pairs of successive
intervals can be of four types: Tap-Buzz, Tap-No Buzz, No
Tap-Buzz, No Tap-No Buzz. For each of dhe time lines, please
rate the 4egree to,which0Um's tapping affects the rate of
the radio's buzzing, from "prevents the sound from occurring"
to "causes the sound to occurIlk

Line-Table: Problems and instructions were Identical to those in the

Line-Interval condition, except that each'problem was accompanied by a blank

table labeled as in the pitevious table condition of Experiment 2. Subjects

were instructed to complete the table before making their judgment. Instruc-

tions were as follows:

- Each dash on the time line represents one Unit of time.
Time units come in pairs, with the first an opportunity for
a response (Tap or No Tap) and the second an opportunity for

_
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an outcome (Buzz or No Buzz). Thus, pairs of successive
intervals can be of four types: Tap-Buzz, Tap-No Buzz, No
Tap-Buzz, No Tap-No Buzz. For each time line, please count
the frequency of each of these four types of interval pairs.
Enter those frequencies in the table to the right of the time
line. Once you have completed the table, please rate the
degree to which Kim's tapping affects the rate of the radio's
buzzing, from "prevents the sound from occurring" to "causes
the sound to occur."

Table: Problems and instructions in this condition were identicll to

those in Experiment 2.

In each condition, the information offered iu the instructions was shown

on a. sample problem illustrating each type of response outcome pairing.

Subjects were invited to ask any questions they might have, after which they

proceeded at their own pace through the problem set.

Results

Means and standard deviations of subjects' judgments for the 24 problems

in each judgment condition are sho'wn in Table 5. Figure 5 illustrates sub-

jects' judgments of the nine contingencies, o(B/T) 2.(E/T), and the eight

' probabilities of buzzing sound, 2(B), for the four judgment conditions. These

functions were simultaneously compared by analysis of variance, including sex

, of subject and judgment condition as factors. Paired follow-up analyses were

conducted on interactions, setting alpha at .025 to reduce the experiment-wide

error rate.

Insert Table 5 and Figure 5 about here

The overall analysis yielded reliable linear, F(1, 152) 851.86, It< .001.

quadratic F(I, 152) 100.92, < .001, and cubic F(1, 152) 12.52, < .001

trends of response-outcome contingency on subjects: judgments. As in our

previous experiments, jt. ments were a function of prob1:11 contingency, but

i3
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with judgments of negative relations closer to zero than those of positive

relations. This analysis also showed a main effect of judgment condition,

F(3, 152) = 11.40, It< .001, although that effect is qualified by a contin-

gency by condition interaction, F(23, 3496) = 2.47, z < .001. As semen in the

left portion of Figure 5, the form of this interaction shows that judgments in

the Table condition were most symmetrical about zero, judgments in the Line

condition were least symmetrical, and judgments in'the Line-Interval and Line-

Table conditions fell between these two extremes. Follow-up analyses compared

contingency judgment functions for selected condition pairs. Line-Interval

and Line conditions were compared to identify the effect of the interval

segmenting instructions. This analysis showed Line-Interval subjects to be

significantly different from Line subjects; linear trend F(1, 76) = 11.12, IL=

.001, the quadratic trend approaching significance F(1, 76) = 4.92, k = .029.

Comparison of Line-Table and Line-Interval contingency functions snowed that

tabling the frequency information had no additional effect on judgment accuracy.

Line-Table and Table judges were compared to see if judges who tabled the

frequency information for themselves were equivalent in judgment to those who

judged tables provided by the experimenter. This comparison showed that

contingency judgment functions were not equivalent for the two groUps, with

Line-Table and Table judges reliably different in quadratic trend, F(1, 76) =

5.83, p = .018, but not in linear or cubic trends,

Sex differences in contingency functions were statistically significant,

with the contirdhcy-judgment function for females flatter than that for

males: linear trend F(1, 152) = 3.94, k = .049, cubic trend F(1, 152) = 4.38,

This sex affect did not interact significantly with judgment condition.

As in our previous experiments, subjects' judgments vere an increasing

function of the probability of the buzzing sound (see right portion of Figure
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5). Ratings showed significant linear, F(1, 152) = 210.66, E < .001, quad-

ratic, F(1, 152) = 80.90, k < .001, and cubic, F(1, 152) = 4.58, E = .034,

trends as a function of 2(E). Unlike previous analyses, however, these

probability-judgment functions were not reliably affected by judgment condi-

tion, z'lthough the Line group again showed the greatest effect of 2(B) and the

Table group showed the least effect. Effects of 2(B) also did not differ as a

function of subjects' sex.

The relative contributions of response-lutcome contingency and outcome

probability in each of the four conditions were determined as in the prior

experiments. For the Table group, 2(B /T) - 2(B /i) accounted for 89.07% of the

total problem variance and £(B) accounted for 9.47x; for the Line-Table group,

the correspeLing scores were 80.97% and 17.02%; for the Line-Interval group,

the scores were 76.04% am: 17.61%; and for the Line group, the scores were

71.38% and 22.64%. In only the latter two gro_ps was the residual variance

significant: Line-Interval residual = 6.35%, F(17, 646) = 6.72, 4 .001, and

Line residual = 5.98Z, F(17, 646) = 2.25, E = .003.

Alma frequency judgment errors may detract from contingency judgment

accuracy, the frequency tables generated by subjects in the Line-Table cond17

tion were examined for accu-lacy. Overall, errors' were mall, with mean

absolute deviations of`45, .10, .30, and 1.65 for. Tap-Buzz, Tap-No Buzz, No

Tap-Buzz, and No Tap-No Buzz frequencies, respectively. In view of the dif-

ferential judgments of positive and negative relationships in this condition,

frequency judgment accuracy as compared for problems representing positive

and negative contingencies. Absolute deviations were averaged across table

cells for this analysis. A matched-pairs t-test showed no reliable differences

in frequency judgment errors on positive and negative contingencies, t(39) < 1.

Discussion

Experiment 4 represents a conceptual replication of our third experiment.
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In Experiment 3,[we broke the time line into discrete units. In this experi-

ment, we taught fhe subjects themselves to define these intervals. The results

indicate that t4 tlanipuletions in the two experiments had similar effeCts.

iLine-Interval an Line-Table subjects in Experiment 4 produced contingency-

judgment functiolis intermediate to those of our Line and Table subjects.

Line-Interval acid Line-Table subjects' contingency-judgment functions were
/

more symmetriCal about zero than that of Line subjects, although the two new

conditions / did not differ from each other. This failure to find additional

improvement by subjects who completed a frequency table indicates that the

availability of summary information contributes little to judgment accuracy.

However, the similarity if these two functions to that of subjects in our past

broken time line condition ...nh-nces our confidence in the problem of event

segmentIng as a source of error in judging negative relationships.

The finding that Line-Table judges are also less accurate than Table

judges is a bit of a surprise. These subjects have effectively converted time

line information into a tabled format. However, the accuracy of that conversion

is a second question. Since any deviations in frequency judgments must

necessarily be in the direction of lower accuracy, subjects in this condition

may have somewhat erroneous information on which to base their judgments.

However, a look at subjects' frequency counts indicates reasonable accuracy;

indeed, 12 out of 40 subjects did not show a single error on any of the 24

problems. In addition, error rates were similar on negative and positive

contingency problems. Thus, inaccuracy of frequency judgments constitutes a

weak account of the difference in judgment functions of Line-Table and Table

subjects.

These differenc,Is between Line-Table and Table judgments replicate the

stimulus presentation affects of Ward and Jenkins (196$) in a substantially
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different format. Their subjects viewed sequences of event-outcome pairs

(cloud seeding or not/rain or no rain), each sequence indicating some degree

of positive relationship. When the sequence was complete, one group of sub-

jects saw a table summarizing the frequencies of each of the event -state

combinations. A second group saw the tabled information only. Ward and

Jenkins found that subjects who saw the tabled information after the event

series were 1.:sb accurate in their judgments than those who saw the tabled

information alone. It was this finding that inspired the experimenters to

conclude that viewing the event sequence had caused the subjects to represent

the information in a way that the table failed to counteract, perhaps dif-

ferentially emphasizing the relative importance of particular event-state

pairings. Our own results parallel these past findings closely. In our case',

however, subjects viewed event contingencies in a linear representation free

of memory demands.

As in our previous experiments, subjectti judgments here were biased by

the probability of the buzzing sound. However, unlike Experiments 2 and 3,

the extent of that bias was not reliably different in the Line and Table judg-

ment conditions. The failure to replicate this finding is surprising and

difficult to fecount for given the comparability of other aspects of the

present results to our other previous outcomes. This finding does temper our

confidence in the previous result that judgments of tabled information are

relatively free of the effect of the probability of outcome.

Finally, this experiment showed a reliable effect of sex, with contin-

gency-judgment functions of females reliably flatter than those of males.

This difference may indicate that females, have a higher judgment error rate

than males, contributing to flatter functions. This interpretation is con-

gruent witn findings in our related work (Shaklee 6 Hall, in press) showing
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that females use simpler, less accurate rules than those used by males to

judge event covariations. An alternative interpretation of the sex differences

in the present experiment is that the two sexes judge the problems with similar

accuracy, but that the females use a more limited range of the scale to make

their judgments. However, a comparison of judgments indicates that the two

sexes use the scale extremes (+4) at comparable rates (11.32 and 12.2% of

judgments for males and females, respectively), ruling out response conser-

vatism as a viable account of this sex difference.

Concluding Comments,

In overview, the results of four different experiments suggest that

judgments of interevent contingency importantly depend on the method of

presenting information about event pairings. Most accurate were judgments of

summary table information (Experiments 2 and 4); least accurate were judgments

of information presented in a continuous time line format (Experiments 1, 2,

and 4). The accuracy of subjects judging partitioned time lines (Experiment

3) fell in between that of the other two conditions. Subjects trained-to

segment continuous time lines (Experiment 4) made judgments similar to those

who saw partitioned time lines. This evidence suggests that Ward and Jenkins

(1965) were correct in their suspicion that presentation format may influence

subjects' treatment of frequency information in making contingency judgments.

Our evidence indicates that subjects may break event sequences into different

discrete event pairings depending on the format in which the frequency iniov-

mation is presented. This explanation accounts well for our own findings, but

may not be similarly useful in explaining the effects of relationship direction

in some past paradigms. As noted earlier, slide or card sequence presentations

offer event pairings as discrete units rathei than as event continua.

This interpretation offers a ready account for the finding in past

research that subjects judge negative relationships less accurately than

142
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positive relationships. Past researchers have suggested that subjects know

how to judge positive, but not negati;fe contingencies. Allan (1980), however,

pointed out one difficulty with4this interpretation; subjects who only know

how to judge positive relationships must be able to distinguish between posi-

tive and begative relationships in order to apply the appropriate rule to

positive contingencies. Presumably, a different, less accurate rule is

applied to negative (and independent) relationships. Thus, this interprets-

Lion requires that an individual maintain more than one rule to judge event

contingencies, and that the person know when to apply which rule to which

relationship.

Our analysis indicates a single judgment problem which would result in

differential accuracy on positive and negative relationships: that is, sub-

jects' boundaries for event segments depend on the other events in the stream.

Positive relationships are typified by many response-outcome pairs which would

define a brief time interval as a response-outcome unit. However, where few

outcomes promptly foll4 responses, the observer may accept relatively delayed

outcomes as "caused" by the response. The estimate of response-outcome pairs

is inflated, resulting in an illusion of a relationship which is less negative

than is objectively the case.

We would argue that the problems our subjects encountereu in the time

line format could be similar to those encountered in judgments of real world

contingencies--re'sponse-outcome delays may vary in everyday experience. One

task of the perceiver is then to define which sequences represent true response-

outcome pairings. Investigations of the cues used to break event sequences

into discrete units are rare. Our evidence suggests that understanding this

process may be important to our ability to account for contingency judgments.

14.J
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table 1

Frequencies of Response - Outcome Possibilities
in Eaet Experimental Problem

Problem Tap-Buzz Tap-No Buzz No.Tap-Buzz No Tap-No Buzz

1 12 0 0 12

2 9 3 0 12

3 J 6 6 0 12

4 3' 9 0 LI!

5 l/ 0 3 9

6 9; 3 9

7 6 6 3 9

\L
B 3 9 3 9

\.)

9 0 12 3 9

10 12 0 6 6

11 9 3 6 6

12 6 6 6 6

13 3 9 6 6

le 0 12 6 6

15 12 0 9 3

16 9 3 9 3

17 6 6 9 3

18 3 9 9 3

19 0 12 9 3

20 12 0 12 0

21 9 3 . 12 0
1.

22 6 6 12 0

23 3 9 12 0

24 0 12 12 0
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I Table 2

}Wane and Standard Deviations (in Parentheses) of Subjects' Ratings
in the Between- and Within-Subjects Parts of Experiment 1

P(B)

p(B/T) p(B//)

CO

a.

0
OQ

m
IQ

0

CD

rt

a

;v2
to

rt
0
0

-1.00 -0.75 -0.50 -0.25 0.00 +0.25 +0.50 +0.75 +1.00

i Between Subjects

.125

.250

.375

.500

.625

.750

.875

1.000

.125

.250

.375

.500

.625

.750

.875

1.000

-1.43

(2.10)

-1.04
(2.07)

-0.39
(1. )

-7.57
(1.53)

-0.91 0.09

(1.59) (1,84)

-0.74
(1.48)

0.00 -0.13
(1.87) (2.05)

-0.52
(2.00)

-0.30 0.00

(1.97) (1.14)

-0.52 r
(2.02)

410.09
(0.88)

0.13

(0.90)

0.17

(1.79)

0.39

(1.69)

ris
(2.02)

,

1.30
(1.57)

0.96
(1.49)

1.63

(1.44)

1.A1

(1.52)

1.78
"(1.69)

,

2.30

(2.37)

-..-.
Within Subjects

-1.16

(1.78)

-0.92
(1.85)

0.20
(1.39)

' -1.48
(1.36)

-0.60 . -0.60

(1 ,94) (1.72)

-0.48
(1.10)

0.00 0.08

(1.36) (1.49)

0.12

(1.27)

0.44 0.60
(1.39) (1.20)

1.28
"(1.46)

. 0.92
(1.90)

-0.52
(1 .65)

0.40

(0.94)

1.28

(1.22)

1.48
(1.58)

0.88
(1.63)

1.52

(1.45)

2.12

(1.13)

1.96
(1.31)

2.24
(1.24)

..11.1

3.48

(1.42)
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Table 3

Mans and Standard Deviations (in Parentheses) of Subjects' Ratings
Under the Timeline and Summary Table Formats of Experiment 2

p(RIT) p(RIT)

P(B) -1.00 -0.75 -0.50 -0.25 0.00 +0.25 +0.50 +0.75 +1.00

Time Line

.125 -2.38 -2.09
k, (2.06) (2.11)

.250 4.c09 -1.15 0.56
(2:05) (2.20) (2.19)

.375 -1.32 -0.62 0.94 1.41

(1.81) (1.78) (1.24) (1.97)
.500 -0.94 -0.26 -0.06 1.29 2.47

(2.11) , (1.38) (1.75) (1.74) (2.29)
1.625

0.62 ,0.32 1.29 1.85

(1'85) (1.34) (1.15) (1.80)

.750 0.71 0.85 1.85
(1.72) (1.54) (1.77)

.075
,

1:16 1.62

(2.04) (2.00)

1.000 0.79
(2.26)

Summary Table

.lis -1.41 -0.21
(2.18) (2.18)

.250 -1.09 -0.38 0.74

(2.72) (1.91) (2.36)

.375 -1.03 -1.63 0.19 1.26

(2.55) (2.02) (1.49) 0 .82)

.500 -1.44 -0.74 0.24 1.15 2.44

(2117 (1.87) (1.06) (1.65) (1.81)

.62 -1.68 -0.06 1.01 1.24

(1.74) (1.55) (1.54) (2.38)

.750 0.50 1.62

(2.01) (1.54) (1.91)

.875 0.18 0.91
(2.26) (2.12)

1.000 0.50
(1.74). -ra-. r-a-.

1.5i



e 4

Means and Standard Deviations (in Parentheses) of Subjects' Ratings
Under the Broken and Unbroken Time Line Conditions of Experiment 3

p(B/T) p(B/f)

P(B) -1.00 -0.75 -0.50 -0.25 0.00 +0.25 +0.50 +0.75 +1.00

Broken Time Line .11

.125 -1.64 -0.48
(1.98) 0 .98)

.250 -1.36 -0.28 0.96

(1.62) (1.37) (1,56)

.375 -0.96 0.36 0.56 2.24

(2.09) (1 .16) (1.17) (1.77)

.500 -2.12 0.16 0.36 1.60 3.80

(2.63) (0.83) (1.32) (1.36) (0.98)
.625 -0.60 0.52 1.68 2.08

(1.96) (1.02) (1.26) (1.57)

.150 0.12 1.12 1.92
(1.39) (1.34) (1.44)

..875 0.84 1.52
(1.41) (1.47)

1.000 0.24

(0.86)

Unbroken Time Line

.125 -1.48 -0.52
(1.36) (1.65)

.250 -0.60 -0.60 0.88
(1.94) (1.72) (1.63)

.1/5 -0.92 -0.48 0.40 1.96

(1.85) (1.10) (0.94) (1.31)

.500 -1.16 0.00 0.08 1.52 3.48

(1.78) (1,36) (1.49) (1.45) (1.42)

.625 0.20 0.12 1.28 2.24

(1.39) (1.27) (1.22) (1.24)

./50 0.44 0.60 2.12

(1.39) (1.20) (1.11)

.875 1.28 1.48
(1.46) (1.58)

1.000 0.92

(1.90)

1 -56



Table S

Means and Standard Deviations (in Parentheses) of Subjects' Ratings

in the Four Conditions of Experiment 4

p(B/T) p(B/Y)

P(B) -1.00 -0.75 -0.50 -0.25 0.00 40.25 +0.50 +0.75 +1.00

Line

.125 -1.93 -0.78

(1.97) (2.27)

.250 -0.78 -0.55 1.15

(1.84) (1.72) (1.77)

.175 -0.98 -0.45 0.70 2.13

(1.93) (1.73) (1.99) (1.60)

.500 -1.28 -0.25 0.05 1.58 3.45

(1.95) (1.32) (1.53) (1.53) (1.16)

.625 0.45 0.25 1.23 2.25

(1.84) (1.32) (1.33) (1.32)

./50 0.55 0.55 1.60

(1.99) (1.72) (1.77)

.875 0.60 1.83

(2.30) (1.66)

1.000 . 0.68
(2.08)

. .

Line-Interval

.125 -2.33 -0.33

(1.52) (2.04)

.250 -2.10 -0.58 1.48

(1.69) (1.46) (1.38)

.375 -1.80 -0.60 1.28 2.60

(1.93) (1.26) (0.89) (1.02)

.500 -2.55 -0.80 0.63 1.70 3.80

(1.48) (1.31) (1.07) (0.95) (0.64)

.62S -0.15 0.23 1.15 2.70

(1.73) (1.15) (1.11) (0.81)

.150 0.63 0.63 2.13

(1.20) (1.09) (1.05)

.875 0.80 2.08

(1.68) (1.49)

1.000 0.20

(1.42)



1. 5

Table 5 (continued)

p(B/T) p(B/Y)

p(B) -1.00 -0.75 -0.50 -0.25 0.00 +0.25 +0.50 +0.75

tine-Table

.125 -1.90 -0.70

(1.39) (1.91)

.250 -1.60 -0.63 0.58
(2.31) (1.43) (1.50)

.375 -2.48 -1.30 0.50 2.20
(1.60) (1.27) (1.10) (1.49)

.500 -2.28 -0.88 0.20 1.63
(1.79) (1.35) (0.90) (1.70)

.625 -0.73 0.08 1.23 2 70
(1.57) (1.23) (1.21) (1 .:8)

.750 -0.05 0.43 2.08
(1.52) (1.28) (1.44)

.8/5 0.33 1.68

(1.54) (1.47)
1.000 ...--' 0.20

(1.40)

Table

.125 =2.03 -0.25

(1.42) (1.76)

.250 -1.90 -0.38 0.68

(1.76) (1.35) (1.79)

.375 -2.20 -1.20 0.53 1.93
(1.44) (1.31) (1.40) (1.99)

.500 -3.00 -1.73 -0.03 1.65

(1.67) (1.28) (0.47) (1.35)
.625 -1.83 -0.70 1.20 2.78

(1.72) (1.10) (1.03) (0.88)

.750 -0.53 0.58 1.98
(1.76) (0.92) (1.351

.875 -0.43 1.58

(1.56) (1.20)

1.000 0.35

(1.26)

0

+1.00

3.68
(0.98)

3.10
(1.77)

15 `i
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Figure Captions

Figure 1. The 24 different response-outcome problems on the coordinates

p(B/T) and p(B /T). The top portion locates the nine different response-

outcome contingencies, p(B/T) p(B /T), on the unit square; the bottom portion

locates the eight different outcome probabilities, p(B). See text for addi-

tional explanation.

Figure 2. Contingency-judgment functions (left) and probability-judgment

functions (right) in the within- and between-subjects parts of Experiment 1.

Figure 3. Contingency-judgment functions (left) and probability-judgment

functions (right) under the time line and summary table formats of Experiment

2.

Figure 4. Contingency-judgment functions (left) and probability-judgment

functions (right) under the broken and unbroken time line conditions of Experi-

ment 3.

Figure 5. Contingency-judgment functions (left) and probability-judgment

functions (right) under the four experimental 'conditions of Experiment 6.
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